Growth of fishes in the Des Moines River, Iowa, with particular reference to water levels by Keeton, Dee
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1963
Growth of fishes in the Des Moines River, Iowa,
with particular reference to water levels
Dee Keeton
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agriculture Commons, Animal Sciences Commons, Natural Resources and
Conservation Commons, and the Natural Resources Management and Policy Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Keeton, Dee, "Growth of fishes in the Des Moines River, Iowa, with particular reference to water levels" (1963). Retrospective Theses
and Dissertations. 2542.
https://lib.dr.iastate.edu/rtd/2542
This dissertation has been 64-3878 
microfilmed exactly as received 
KEETON, Dee, 1936-
GROWTH OF FISHES IN THE DES MOINES RIVER, 
IOWA, WITH PARTICULAR REFERENCE TO 
WATER LEVELS. 
I 
Iowa State University of Science and Technology 
Ph.D., 1963 
Agriculture, forestry and wildlife 
University Microfilms, Inc., Ann Arbor, Michigan 
GROWTH OF FISHES IN THE DES MOINES RIVER, IOWA, 
WITH PARTICULAR REFERENCE TO WATER LEVELS 
by 
Dee Keeton 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of 
The Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Major Subject: Fishery Biology 
Approved 
In' Charge of Major Work 
Head of Major Department 
Iowa State University 
Of Science and Technology 
Ames, Iowa 
1963 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
ii 
TABLE OF CONTENTS 
Page 
INTRODUCTION 1 
DESCRIPTION OF THE STUDY AREA 5 
MATERIALS AND METHODS 20 
Sources of Growth Data 20 
Collection of Specimens 20 
Measurements 24 
Scale Analysis 24 
Benthos 25 
Food Studies 25 
Other Physical Data 27 
The Use of Stoeltzner's Method for 
Determining Growth in Fishes 28 
GROWTH OF RIVER CARPSUCKERS 35 
Annual Growth, 1948 to 1961 35 
Seasonal Growth During i960 and 1961 48 
GROWTH OF GOLDEN REDHORSES 71 
Annual Growth, 195^ to 1959 71 
Seasonal Growth During i960 74 
GROWTH OF WALLEYES, CHANNEL CATFISH AND CARP 82 
GROWTH OF SAND SHINERS 89 
GROWTH OF SPOTFIN. SHINERS ill 
GROWTH OF BIGMOUTH SHINERS I36 
GROWTH OF BLUNTNOSE MINNOWS 148 
BENTHOS 161 
iii 
Page 
SEASONAL FOOD HABITS 171 
River Carpsuckers 171 
Golden Redhorses 172 
Carp 177 
Channel Catfish 177 
Walleyes 179 
DISCUSSION 181 
Effects of Water Levels on Benthos 182 
Effects of Water Levels on Plankton 183 
Effects of Water Levels on the 
Food Habits of Fishes 183 
Effects of Water Levels on Fish Growth 185 
Effects of Temperature on Growth and 
Food Habits of Fishes 189 
Effects of Water Levels on Spawning 191 
Recommendations for Future Work 192 
SUMMARY 194 
LITERATURE CITED 198 
ACKNOWLEDGEMENTS 207 
iv 
LIST OF FIGURES 
Figure 1. Boone County, Iowa, showing the Beaver 
Creek Drainage, A, which flows into the 
Des Moines Hiver below Boone County, 
the Des Moines River Drainage, B, and 
the Skunk River Drainage, C 
Page 
Figure 2. Study area of the Des Moines River, 
Boone County, Iowa, from Fraser Dam to 
Boone Waterworks Dam 10 
Figure 3. Average June-August air temperatures at 
the Boone Waterworks Dam, and average and 
range of June-August water levels for the 
Des Moines River, Boone County, Iowa, 1946 
to 1961 12 
Figure 4. Des Moines River, Boone County, Iowa. 
High water (15*1 feet) near Station 2, 
March 30, 1961 15 
Figure 5» Des Moines River, Boone County, Iowa. 
Low water (0.4 feet) near Station 2, 
August 16, I960 15 
Figure 6. Des Moines River, Boone County, Iowa. 
High water (4.4 feet) near Station 11, 
March 25, 1961. 17 
Figure 7• Des Moines River, Boone County, Iowa. 
Low water (0.4 feet) near Station 11, 
August 16, i960 17 
Figure 8. Photograph of the electric shocking 
apparatus used to collect fish 23 
Figure 9« Photomicrograph taken at 35 X of a scale 
of Canaiodes carpio treated with Stoeltz-
ner s method 32 
Figure 10. Photomicrograph taken at 100 X of a scale 
of Çarpiodes carpio treated with Stoeltz-
ner's method. 32 
V 
Page 
Figure 11. Growth curves of the river carpsucker, 
collected in the Des Moines Biver, 
Boone County, Iowa 40 
Figure 12. Hile indexes of river carpsuckers, and 
average June-August water levels and 
air temperatures. 1948 to I960 4? 
Figure 13. Length-frequency histograms of river 
carpsuckers collected in the Des Moines 
Biver, Boone County, Iowa, i960 51 
Figure 14. Length-frequency histograms of the 
river carpsuckers collected in the Des 
Moines Biver, Boone County, Iowa, 1961. . . 55 
Figure 15. Average total lengths and length incre­
ments of river carpsuckers collected in 
the Des Moines Biver, Boone County, Iowa, 
I960 and 1961 61 
Figure 16. Moving average total lengths and length 
increments of river carpsuckers collected 
in the Des Moines Biver, Boone County, 
Iowa, I960, and average water levels, 
water-level changes and water temperatures. 63 
Figure 1?. Moving average total lengths and length 
increments of river carpsuckers collected 
in the Des Moines Biver, Boone County, 
Iowa, 1961, and average water levels, 
water-level changes and water temperatures. 65 
Figure 18. Hile indexes of golden redhorses and 
average June-August water levels and air 
temperatures, Des Moines Biver, Boone 
County, Iowa, 1954 to 1959. . . 73 
Figure 19. Length-frequency histograms of golden 
redhorses collected in the Des Moines 
Biver, Boone County, Iowa, I960 76 
Figure 20. Moving average total lengths and length 
increments of golden redhorses collected 
in the Des Moines Biver, Boone County, Iowa, 
i960, and average water levels, water-level 
changes and water temperatures 78 
vi 
Page 
Figure 21. 
Figure 22. 
Figure 23. 
Figure 24. 
Figure 25. 
Figure 26. 
Figure 27. 
Figure 28. 
Figure 29. 
Hile indexes of walleyes (19^9 to 1957)» 
carp (1951 to 1957) and channel catfish 
(1948 to 1955), and average June-August 
water levels and air temperatures, Des 
Moines River, Boone County, Iowa. . . . 
Length-frequency histograms of sand 
shiners collected in the Des Moines River, 
Boone County, Iowa, 19^7 
Length-frequency histograms of sand 
shiners collected in the Des Moines River, 
Boone County, Iowa, I960 and 1961 
Moving average standard lengths and length 
increments of sand shiners collected in the 
Des Moines River, Boone County, Iowa, 1946 
to 19^7, and average water levels, water-
level changes and air temperatures 
Moving average total lengths and length 
increments of sand shiners collected in 
the Des Moines River, Boone County, Iowa 
I960 and 1961, and average water levels, 
water-level changes and water temperatures. 
Length-frequency histograms of spotfin 
shiners collected in the Des Moines River, 
Boone County, Iowa, 1946 
Length-frequency histograms of spotfin 
shiners collected in the Des Moines River, 
Boone County, Iowa, 1947. . 
Length-frequency histograms of spotfin 
shiners collected in the Des Moines River, 
Boone County, Iowa, i960 and I96I 
Moving average standard lengths and length 
increments of spotfin shiners collected in 
the Des Moines River, Boone County, Iowa, 
1946, and average water levels, water-level 
changes and air temperatures 
87 
91 
93 
103 
107 
113 
115 
117 
125 
vil 
Page 
Figure 30, 
Figure 31. 
Figure 32. 
Figure 33. 
Figure 34. 
Figure 35. 
Figure 36. 
Moving average standard lengths and 
length increments of spotfin shiners 
collected in the Des Moines River, 
Boone County, Iowa, 19^7» and average 
water levels, water-level changes and 
air temperatures 
Moving average total lengths and length 
increments of spotfin shiners collected 
in the Des Moines River, Boone County, 
Iowa, I960 and 1961, and average water 
levels, water-level changes and water 
temperatures 
Length-frequency histograms of bigmouth 
shiners collected in the Des Moines 
River, Boone County, Iowa, I960 and 1961. 
Moving average lengths and length 
Increments of bigmouth shiners collected 
in the Des Moines River, Boone County, 
Iowa, I960 and 1961, and average water 
levels, average water-level changes and 
water temperatures 
Length-frequency histograms of bluntnose 
minnows, collected in the Des Moines 
River, Boone County, Iowa, I960 . . . . 
Moving average total lengths and length 
increments of bluntnose minnows collected 
in the Des Moines River, Boone County, 
Iowa, I960 and 1961, and average water 
levels, water-level changes and water 
temperatures 
Enteron fullness indexes of river 
carpsuckers, golden redhorses, carp, 
channel catfish and walleyes, collected 
in the Des Moines River, Boone County, 
Iowa, I960 and 1961, and average water 
levels 
127 
134 
138 
144 
150 
157 
175 
viii 
LIST OF TABLES 
Table 1. 
Table 2. 
Table 3. 
Table 4. 
Table 5. 
Table 6. 
Table 7• 
Table 8. 
Table 9» 
Sources of growth data on fishes 
collected from the Des Moines River, 
Boone County, Iowa . . 
Average calculated total lengths and 
length increments of river carpsuckers 
collected in the Des Moines Biver, Boone 
County, Iowa, I960 and 1961 
Annual total length increment (inches) of 
the various year classes of river carp­
suckers collected in 1956, I960 and 1961, 
Des Moines Hiver, Boone County, Iowa . . . 
Collection periods, numbers, average 
total lengths (inches), moving average 
lengths and length increments of river 
carpsuckers, Des Moines Hiver, Boone 
County, Iowa, i960 and 1961 
Page 
21 
Proportion of river carpsuckers with new 
annuli at various collection periods, 
Des Moines Biver, Boone County, Iowa, i960 
and 1961 . . .  
Correlation of length increments of river 
carpsuckers with water levels, water-level 
changes and water temperatures, Des Moines 
River, Boone County, Iowa, i960 and 1961 . . 
Annual total length increment (inches) of 
the various year classes of golden redhorses 
collected on the Des Moines River, Boone 
County, Iowa, i960 
Collection periods, numbers, average total 
lengths (inches), moving average lengths 
and length increments of golden redhorses, 
Des Moines River, Boone County, Iowa, i960 . 
Correlation of length increments of golden 
redhorses with water levels, water-level 
changes and water temperatures, Des Moines 
River, Boone County, Iowa, I960 
37 
45 
58 
67 
70 
71 
79 
81 
ix 
Table 10. 
Table 11. 
Table 12. 
Table 1]. 
Table 14. 
Table 15. 
Table 16. 
Table 17-
Page 
Annual total length increment (inches) of 
the various year classes of walleyes 
collected in the Des Moines River, Boone 
County, Iowa, 1956 to 1958 83 
Annual total length increment (inches) of 
the various year classes of channel catfish 
collected in the Des Moines River, Boone 
County, Iowa, 1955 and 1956 84 
Annual total length increment (inches) of 
the various year classes of carp collected 
in the Des Moines River, Boone County, Iowa, 
1958 85 
Collection periods, numbers, average 
standard lengths (millimeters), moving 
average lengths and length increments of 
sand shiners, Des Moines River, Boone 
County, Iowa, 1946 and 1947 96 
Collection periods, numbers, average 
total lengths (millimeters), moving 
average lengths and length increments of 
sand shiners, Des Moines River, Boone 
County, Iowa, i960 and 1961 100 
Correlation of length increments of sand 
shiners with water levels, water-level 
changes and water temperatures, Des Moines 
River, Boone County, Iowa, 1947, i960 and 
1961 110 
Collection periods, numbers, average 
standard lengths (millimeters), moving aver­
age lengths and length increments of spotfin 
shiners, Des Moines River, Boone County, 
Iowa, 1946 119 
Collection periods, numbers, average 
standard lengths (millimeters), moving 
average lengths and length increments of 
spotfin shiners, Des Moines River, Boone 
County, Iowa, 1947 120 
X 
Page 
Table 18. 
Table 19. 
Table 20. 
Table 21. 
Table 22. 
Table 23. 
Table 24. 
Table 25. 
Collection periods, numbers, average 
total lengths (millimeters), moving 
average lengths and length increments of 
spotfin shiners, Des Moines Biver, Boone 
County, Iowa, I960 and 1961 122 
Correlation of length increments of 
spotfin shiners with water levels, water-
level changes and temperatures, Des Moines 
Biver, Boone County, Iowa, 1946, 1947* I960 
and 1961 
Collection periods, numbers, average total 
lengths (millimeters), moving average 
lengths and length increments of bigmouth 
shiners, Des Moines River, Boone County, 
Iowa, i960 and 1961 
135 
Correlation of length increments of big­
mouth shiners with water levels, water-
level changes and water temperatures, Des 
Moines River, Boone County, Iowa, 1961 . . 
Collection periods, numbers, average total 
lengths (millimeters), moving average 
lengths and length increments of bluntnose 
minnows, Des Moines River, Boone County, 
Iowa, i960 and 1961 
139 
147 
153 
Correlation of length increments of 
bluntnose minnows with water levels, 
water-level changes and water temperatures, 
Des Moines River, Boone County, Iowa, i960 
and 1961 * 
Macro-invertebrates collected in bottom 
samples from the Des Moines River, Boone 
County, Iowa, i960 and 1961 
160 
162 
Estimated numbers of macro-invertebrates 
per square foot, and percentage of the total 
number of organisms collected, sand bottom 
type, Des Moines River, Boone County, Iowa, 
I960 and 1961 164 
xi 
Page 
Table 26. Estimated numbers of macro-invertebrate s 
per square foot, and percentage of the total 
number of organisms collected, mud bottom 
type, Des Moines Biver, Boone County, Iowa, 
1960 and 1961. . 165 
Table 27. Estimated numbers of macro-invertebrates 
per square foot, and percentage of the total 
number of organisms collected, rubble-
boulder bottom type, Des Moines River, Boone 
County, Iowa, 1961 166 
Table 28. Enteron fullness indexes of river carpsuckers 
and golden redhorses collected in the Des 
Moines Biver, Boone County, Iowa, I960 and 
196 1 173 
Table 29. Enteron fullness indexes of carp, channel 
catfish and walleyes collected in the Des 
Moines River, Boone County, Iowa, I960 and 
1961 178 
1 
INTRODUCTION 
Today vast quantities of river water are consumed by 
municipalities, industry and agriculture, creating serious 
water shortages in many areas. In the Midwest this "water 
crisis" has not reached such grim proportions as in the West 
where cities, and even states, often go to court to deter­
mine who has the right to use the water. One of the most 
important problems facing this nation is the sound develop­
ment of water resources (Wood si âl* > 1957)« 
A combination of increased water use and improper 
watershed management practices has caused the deterioration 
of stream flow in some areas. Miller (1961) described this 
situation as a shift from clear, dependable streams to those 
of intermittent flow, subject to flash floods that carry 
heavy silt loads, and said that modern man rather than 
climatic change has been the chief agent in producing the 
observed changes. Wickliff (1944, p. 28) summarized the 
effects of variable stream flow upon aquatic biota by saying 
that: 
Fish and fish food cannot live without an adequate 
supply of suitable water. 
and (1945, p. 23): 
Since 1882 ... in Ohio . . . the average maximum 
precipitation . . . during any four consecutive 
months occurred i n  May, June, July, a n d August . . . .  
The last three months of this maximum rainfall period 
are most critical for young fish and fish food in 
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streams with low water or no water, particularly 
near the source . • • . During the summer and 
early fall, low stream water is correlated with 
high water temperature, particularly during drouths, 
in unshaded and open stretches of stream. These 
adverse and temporary environmental factors may 
result in unusual losses of fish and fish food, 
especially upstream where many pools are reduced 
in surface area, and often dry up rapidly. 
Irrigation may be one of the most devastating 
factors to influence stream flow and stream biota, especially 
in the West. Larkin and McPhail (1959) cited four ways in 
which irrigation can affect stream biota: (a) fish are 
diverted in irrigation channels, (b) water is removed from 
the stream, (c) water is stored for irrigation, and (d) 
silting increases from irrigation-caused erosion. Larkin 
and McPhail also thought that minimum stream flow is one of 
the most important factors that limits productivity because 
the removal of water for irrigation purposes comes at a time 
when stream flow is naturally low. So much water may be 
taken that the stream may dry up in places; and in others, 
nursery areas may be reduced, spawning beds may be exposed 
and the maximum temperature may be increased. Clothier 
(1953) found that 2,835 game fish, 7 or more inches long, 
weighing 1,186 pounds were lost in 11 irrigation canals off 
the West Galatin Biver, Montana, in 1951* Miller (1961) said 
that the deterioration of stream flow has greatly shrunk the 
ranges of many fish species. He cited man's interference 
with delicate and complex ecological balances as having had 
3 
dire consequences in many parts of the world. 
During the 1940's fishery biologists at Iowa State 
University became interested in the effects of high and low 
stream flows upon the biota of Iowa's streams, particularly 
the Des Moines River. Bailey and Harrison (1948) studied 
the food habits, reproduction and survival of channel catfish 
in the Des Moines River in relation to water levels. Starrett 
(1948) related the success of Des Moines River minnow popula­
tions to water levels. Fluctuations of Des Moines River 
plankton populations were related to water levels by Starrett 
and Patrick (1952). Muncy (1957, 1959) thought that low Des 
Moines River water levels in 1955 might have caused the slow 
growth of channel and flathead catfish during that year, but 
Harrison (1957) noted that some of the best channel catfish 
growth occurred during the low-water year of 1956, one of 
the most severe drouth years in Iowa's history. Schmulbach 
(1959) thought that poor walleye growth in 1959 could have 
been due to low water levels in the spring and the late 
summer and fall. Rehder (1959) found a possible relationship 
between abundance of the 1956 year class of carp and low 
summer water levels of that year. 
The present investigation was conducted to determine 
the effects of various water levels on growth and food habits 
of fishes in the Des Moines River as an aid in evaluating 
effects of water removal for other uses. The possibilities 
4 
of using a chemical growth test, applied by Stoeltzner (1905) 
to bone sections and adapted by Wallin (1957) to fish scales, 
were investigated during the summer, fall and winter of 
1959 and the spring of I960. This method of growth determi­
nation was abandoned after it apparently failed to detect 
changes in fish growth accurately enough for the purposes of 
this study. Seasonal growth during half-month intervals was 
then determined by the measurement of large numbers of fish. 
Field work by the author was conducted during the summer and 
fall of I960, and the spring, summer and fall of 1961; but 
additional data for other years, collected by other Iowa 
Cooperative Fisheries Research Unit biologists, were also 
analyzed. 
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DESCRIPTION OF THE STUDY AREA. 
The Dee Moines River rises among glacial moraines in 
the vicinity of Murray and Pipestone Counties in southwestern 
Minnesota and flows southwesterly for 535 miles where it 
empties into the Mississippi River below Keokuk, Iowa. The 
total drainage area of the Des Moines is 14,540 square miles, 
93 per cent of which was in agriculture (U. S. Army Corps of 
Engineers, 1931). 
Mid-way in its course the Des Moines River passes 
through Boone County (Figure 1), cutting a deep valley in 
the otherwise flat plain. At the Boone Waterworks Dam, 257-8 
miles above the mouth of the river, the total drainage area 
I 
is 5,610 square miles. The stream gradient for the lower 
300 miles of the river, which includes Boone County, is 1.5 
feet per mile. A slope of 3.2 feet per mile occurs in the 
next 80 miles, while the upper part of the river has a 
gradient of 2.2 feet per mile (D. S. Army Corps of Engineers, 
1931). The gradient in the Boone County research area is 
2.3 feet per mile (U. S. Geological Survey, 1916). 
The average annual precipitation for the entire 
Des Moines River watershed is 30.37 inches (U. S. Army 
Corps of Engineers, 1931); for Boone County the average is 
31.67 inches (U. S. Department of Agriculture, 1941). 
The research area in which this study was conducted 
Figure 1. Boone County, loua, showing the Beaver Creek 
Drainage, A, which flows into the Des Moines 
Biver below Boone County, the Des Moines 
Biver Drainage, B, and the Skunk Biver 
Drainage, C 
I 
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(Figure 2) is located on the Des Moines Hiver, Boone County, 
in townships R2?W, T85N; R2?W, T84N; and E26V, T84N. The 
area is approximately 6.5 miles long, bounded downstream by 
a lowhead dam near the town of Boone and upstream by a 
similar dam near the town of Fraser. Steep hillsides 
bordering the river create a deep, narrow valley in the 
research area. There are no large streams emptying into 
the river in Boone County. Bun-off is carried by several 
small creeks. Most of the tributaries indicated in Figure 2 
are dry most of the time. 
The Des Moines River is subject to violent floods 
along its length and in the study area. Boberts (1955) 
studied several aspects of flooding on the Des Moines River 
and cited the three major recorded floods as occurring in 
May, 1903, June, 1947, and June, 1954. Water-level records 
obtained from permanent records kept at the Boone Waterworks 
Dam indicate that the heaviest flows usually occur after 
heavy rains in May and June. Early spring floods frequently 
follow thawing and fast run-off. Brief summer and fall 
floods are not uncommon after cloudbursts. 
Average June-August water levels, covering the 16-
year period of 1946 to 1961 (Figure 3) reveal three high-
water years: 1947, 1951, and 1954. These are also the 
years in which the range in water levels was the greatest. 
The most spectacular flood in the Des Moines Biver basin in 
Figure 2. Study area of the Des Moines Biver, Boone 
County, Iowa, from Fraser Dam to Boone 
Waterworks Dam 
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recent years occurred in June, 1947, causing an estimated 
19 million dollars worth of damage in the valley below the 
city of Des Moines and contributing mightily to the 
Mississippi River flood of that year (Roberts, 1955)» June-
August water levels in 1951 did not have as great a range 
(Figure 3) as those in 1947 or 1954, but the water remained 
higher for a longer period than it did in either of those 
two years. The highest recorded flood crest, 25*5 feet, 
at the Boone Dam occurred in June, 1954. However, this was 
a brief flood, and the high waters receded quickly. 
Low June-August water levels were recorded in 1948, 
1949, 1955 and 1956. The lowest average June-August water 
levels during the 16-year period occurred in 1956 when the 
range in water levels was only 0.7 feet. "Water levels of 
1950, 1952 and 1953 were intermediate between the highs of 
1947, 1951 and 1954, and the lows of 1948 and 1949. A 
general increase in June-August water levels occurred from 
1957 to I960, with 1961 levels showing a slight downward 
trend. Photographs taken in I960 and 1961 of the station 1 
area (Figures 4 and 5) and of the station 11 area (Figures 6 
and 7) illustrate high and low water levels in the study 
area. 
No "normal" or "average" water level was computed 
for the 16-year period of 1946-61; however, water levels 
above or below 1.5 feet in June-August were considered "high" 
Figure 4. Des Moines Hiver. Boone County, Iowa. High 
water (15*1 feet) near Station 2, March 30, 
1961 (Note bridge piling in center) 
I 
Figure 5» Des Moines River, Boone County, Iowa. Low 
water (0.4 feet) near Station 2, August 16, 
I960 (Bridge piling and sand bars in center 
have been exposed. Boat travel was impossible 
in this area at this time) 
15 
Figure 6. Des Moines River, Boone County, Iowa. High 
water (4.4 feet) near Station 11, March 25, 
1961 
Figure 7» Des Moines River, Boone County, Iowa. Low 
water (0.4 feet) near Station 11, August 16, 
I960 (Note exposed rubble area that was 
covered by water in Figure 6) 
17 
18 
or "low". 
Average June-August air temperatures over the 16-year 
period were fairly stable, ranging from 74 degrees F. in 
1950 and 1951i to 80 degrees P. in 1949$ 1955 and 1959. 
During the I960 to 1961 study period water temperatures 
taken at infrequent intervals ranged from 40 degrees F. in 
April, 1961, to 85 degrees F. in July, I960. However, water 
temperatures during the winter, when the river is frozen 
over, are probably around 32 degrees F. 
During flood periods erosion silt may cause the Des 
Moines River to become quite turbid, but in the fall during 
low river stages the river usually becomes fairly clear. 
The lowest secchi disk reading during the I960 to 1961 study 
period was 2 inches in July, I960, while the highest reading 
was 15 inches in October, 1961. Secchi disk readings of 8 
to 10 inches were not uncommon during both summers. 
The hillsides of the river valley are extensively 
timbered (oak-hickory), and a few open areas in the valley 
are under cultivation. Starrett (1948) reported that the 
banks of the river have a sparse to thick growth of willows, 
cottonwoods, box elder, American elm, and soft maple. The 
description still applies. There are no higher aquatic 
plants in the river, evidently as a result of the current 
and the frequent water-level fluctuations. 
The river bottom is mainly sand-gravel. Mud areas 
19 
are found along the banks and in back water areas below bars. 
Bubble-boulder areas occur chiefly at the mouths of small, 
J 
temporary creeks, although occasional rock outcrops occur 
elsewhere. During low-water stages (Figures 5 and 7) large 
areas of sand, gravel and rubble appear. The depth of the 
channel at low-water stages ranges from about 1.5 to 4 . 0  
feet. The channel may become so shallow (Figure 5) that 
boat travel is impossible. Deeper holes are often found 
below bars and at bends. 
The only type of pollution that was observed during 
I960 and 1961 was silt. During the summer the water is 
quite attractive and was drunk several times by members of 
the field party with no ill effects. 
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MATERIALS AND METHODS 
Sources of Growth Data 
Growth analyses were conducted on nine species of 
fish collected in the Des Moines River, Boone County, during 
1946 to 1961, using several different methods of collection 
(Table 1). 
Collection of Specimens 
Two methods of collection were used during the 
present period of study. Generally, fish over 2.0 inches 
in total length were collected by a boat-mounted, 230 volt, 
A. C. shocking apparatus (Figure 8) described by Meyer (1962) 
and Reynolds (1963). Fish under 2.0 inches long were 
collected with a 15-foot common sense minnow seine with 
approximately 1/4-inch mesh. 
Collections of fish and other biological and 
physical data were analyzed by time periods, the length of 
which depended upon the intensity of field work and the 
rapidity of water-level fluctuations. Collections during 
June, July and August of I960 and 1961 were made during 
half-month periods. Spring collections during 1961 and fall 
collections during i960 and 1961 were based on one-month 
Table 1. Sources of growth data on fishes collected from the Des Moines River, 
Boone County, Iowa [References given where data came from studies by 
other Iowa Cooperative Fisheries Research Unit biologists* Common and 
scientific names of fishes were taken from American Fisheries Society 
(I960)] 
Species Common name Dates Collection 
collected method 
Reference 
Cyprlnus carpio 
Notropis dorsalis 
si Notropis spllopterus 
Notropis 
stramineus 
Plmephales 
notatus 
Carpiodes 
carpio 
Moxostoma 
erythrurum 
Ictalurus 
punetatus 
Stizostedlon 
vitreum 
Carp 
Bigmouth shiner 
Spotfin shiner 
Sand shiner 
Bluntnose 
minnow 
River 
carpsucker 
Golden 
redhorse 
Channel 
catfish 
Walleye 
1957-1958 Electric shocker Rehder (1959) 
1960-1961 Seine 
1946-1947 Seine 
1960-1961 Seine 
1946-1947 Seine 
1960-1961 Seine 
Starrett (1948) 
1956 Electric shocker Buchholz (1957) 
1960-1961 Electric shocker 
I960 Electric shocker Meyer (1961) 
1955-1956 Electric shocker, Muncy (1959) 
nets and traps 
1956-1958 Electric shocker Schmulbach (1959) 
Figure 8. Photograph of the electric shocking 
apparatus used to collect fish (Electric 
generator sits near center of boat. Note 
electrodes on the ends of poles protruding 
from front of boat) 
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periods. 
Measurements 
All larger fish were measured and weighed in the 
field. Total lengths, from the tip of the snout to the tip 
of the compressed caudal fin, were measured to the nearest 
0.1 inch. Weights were recorded in grams for those fish 
under jOO grams and in ounces for those fish over jOO grams. 
Smaller fish were preserved in 10 per cent formalin in the 
field and brought back to the laboratory where their total 
lengths were recorded to the nearest millimeter. 
Scale Analysis 
Scale samples were collected periodically from most 
species of fish except small cyprinids. Vertebrae were 
taken from channel and flathead catfish. Approximately 10 
to 20 scales were taken from an area above the lateral line 
and below the origin of the dorsal fin, except on walleyes, 
smallmouth bass and other centrarchids in which scales were 
taken below the lateral line at the tip of the posteriorly 
flattened pectoral fin. The scales were placed in coin 
envelopes labeled with the date, species of fish, length, 
weight and collection station. Impressions were made of 
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five or six scales from each sample on plastic strips with 
a roller press (Smith, 1954). The scales were read on a 
standard scale projector (Van Oosten, Deason and Jobes, 
1934) at a magnification of 44 X, and without reference to 
length or other data, as suggested by Carlander (1961). 
Annuli were marked on paper strips which were then aligned 
on a nomograph (Carlander and Smith, 1944) to determine the 
length at each annulus. 
Benthos 
Sand and mud bottoms were sampled with a Petersen 
dredge. The samples were placed in a number 3 wash tub and 
then strained through a 20-mesh screen. After straining, 
the samples were preserved in 10 per cent formalin. Bubble-
boulder bottoms were sampled with a Surber square-foot 
sampler and the entire sample was preserved in 10 per cent 
formalin. The samples were examined in the laboratory in a 
white enamel pan. 
Food Studies 
The stomach or enteron food contents of river carp-
suckers, golden redhorses, carp, channel catfish and walleyes 
were examined in the field or on return to the laboratory. 
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For the field analyses the fish were examined within 10-15 
minutes after being collected with the electric shocker. 
Each fish was opened, and a rough estimate of the percentage 
fullness of the stomach and intestine was made. Fullness 
observations were recorded as 0, 50, 75 or 100 per cent full. 
Since river carpsuckers, golden redhorses, other catastomids 
and carp have very little morphological distinction between 
the stomach and intestine, the fullness of the entire enteron 
of these fish was estimated. Percentage fullness of the 
stomachs of channel catfish and walleyes was estimated, since 
the stomachs of these fish are very distinct. 
During each sampling period several stomachs with a 
short segment of the intestine attached were tagged with the 
date and collection number and preserved in 10 per cent 
formalin. A number corresponding to the tag number was 
recorded on a scale envelope along with the length and 
weight of the fish. Upon return to the laboratory, food 
habit cards were prepared for each species of fish sampled. 
On each card the species, date, length, weight and fullness 
of the enteron were recorded. Up to ten fullness observa­
tions were recorded on each card, depending on the number of 
that species observed in the field. Each observation that 
was accompanied by a preserved stomach was recorded on a 
separate card with the above information and the collection 
number. 
27 
The contents of preserved enterons were analyzed by 
the frequency of occurrence method (Lagler, 1956). A small 
portion of the contents of the enteron was removed, placed in 
a petri dish and examined under a dissecting microscope at 
30 X. The enteron contents of river carpsuckers were also 
examined at 440 X. Macroscopic organisms, such as immature 
aquatic insects, were identified to order or family. Diatoms, 
desmids, green algae and vegetation which occurred in some 
of the stomachs were recorded as such. Partially digested 
fish were identified to family. 
An index of percentage fullness of the enterons of 
river carpsuckers, golden redhorses and carp, and the 
stomachs of channel catfish and walleyes was used. This 
index, herein called the enteron fullness index, was 
obtained for each species in each collection period. A 
value of 4.0 was arbitrarily assigned to 100 per cent full 
enterons; 3.0 to those 75 per cent full; 2.0 to those 50 
per cent full; 1.0 to those 25 per cent full; and 0.0 to 
those that were empty. These values were averaged for the 
fish in a given collection to provide the index value. 
Other Physical Data 
Water-level data from 1946 to 1961 were obtained 
from permanent records kept at the Boone Waterworks Dam and 
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recorded to the nearest 0.1 foot. Both air and water 
temperatures were recorded several times weekly during the 
summers of I960 and 1961 with a pocket thermometer that was 
certified accurate to within 1 degree P. by the Iowa State 
University Instrument Shop. Daily noon air temperatures 
were also obtained from permanent records kept at the Boone 
Dam. Growth was compared to air temperatures in those years 
in which water temperatures were not available for compari­
son. Although air temperatures were higher than water 
temperatures, the trends in each were very similar. Macan 
(1958) showed that air temperatures and water temperatures 
of a small stream in England were very similar. 
The Use of Stoeltzner's Method for 
Determining Growth in Fishes 
Stoeltzner (1905) devised a method whereby thin 
sections of bone could be chemically stained to determine if 
the bone was growing. Since fish scales are a specialized 
type of bone and occur naturally as thin "sections", Wallin 
(1957) adapted Stoeltzner1s method of bone-growth determina­
tion to the scales of the roach (presumably Leuciscus 
• rutilus). Wallin found that the treatment of a scale with 
a solution of cobalt nitrate resulted in a combination of 
cobalt ions and phosphate groups in the scale's bone salts. 
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Subsequent transfer of the scale into a solution of ammonium 
sulfide resulted in the formation of brown or black cobalt 
sulfide which coincided with the distribution of the bone 
salts within the scale. 
Wallin was concerned with two components of the 
scale: the peripheral zone of growth and the older, 
calcified portion. In a scale treated according to the 
above procedure, he demonstrated that the older, calcified 
portion was stained black or brown; the peripheral area of 
growth remained clear or unstained. Scales from fish which 
were living in warm water with plenty of food showed broad 
zones of growth upon staining, while scales from starved 
fish which were living in cold water had narrow zones or 
even no zones at all. The presence and absence of these 
zones could be detected in a few minutes by staining with 
the cobalt nitrate-ammonium sulfide method of Stoeltzner. 
It was thought that this method might give a con­
venient, accurate measure of recent scale growth which would 
be used in correlating fish growth with water level and other 
environmental changes. During the summer, fall and winter 
of 1959 and the spring of I960, experiments were conducted 
to test its applicabilities to our purposes. 
Since Wallin (1957) gave neither the concentrations 
of the cobalt nitrate and ammonium sulfide solutions nor the 
scale staining times that he used, some experimentation with 
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concentrations and staining times was necessary. The 
following procedure was adopted, using 5 per cent solutions. 
The scales were soaked in cobalt nitrate for 2 minutes, 
washed in distilled water for 1/2 minute, transfered into 
ammonium sulfide for 1 minute, rinsed briefly for the second 
time and allowed to dry between microscope slides. The 
older, non-growing, calcified portions of scales treated in 
this manner were stained dark, while the peripheral zone of 
growth remained unstained (Figures 9 and 10). 
The presence and absence of zones of growth were 
noted in both dried and fresh scales of carp, carpsuckers, 
redhorses, largemouth bass, sunfishes, walleyes, northern 
pike and small cyprinids from the Des Moines River and Clear 
Lake. However, the environmental factors which govern fish 
growth (water-levels, temperature, food, etc.) may change 
rapidly, and it was hoped that Stoeltzner*s method would 
provide a rapid way of demonstrating whether fish growth 
was occurring at the time of collection. Hence, it was 
important to learn at what time after a fish commenced grow­
ing would the zone of growth appear and how long would it 
take for the zone to narrow after growth slowed down or 
stopped. 
On October 22, 1959» the scales of eleven carp­
suckers, one carp and one redhorse collected in the Des 
Moines Hiver showed definite zones of growth after staining 
Figure 9* Photomicrograph taken at 35 X of a scale 
of Carpiodes carpio treated with Stoeltzner1 s 
method (Unstained zone of growth barely 
visible in lower right) 
Figure 10. Photomicrograph taken at 100 X of a scale 
of Carpiodes carpio treated with Stoeltzner*s 
method(Note clear, unstained edge of scale 
which is the zone of growth, and the dark-
staining calcified portion which is non-
growing) 
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according to Stoeltzner's method. Four carpsuckers were 
then retained in an aquarium at 69 degrees F. with no food. 
It was presumed that under these conditions the fish would 
stop growing and their scale growth zones would narrow or 
disappear. Scales were taken weekly from these fish and 
stained. Two weeks later scales from all four fish possessed 
growth zones, indicating that growth was still proceding. 
After 5 months in the aquarium with no food, the scales of 
the one remaining fish still showed growth zones. 
The method of Stoeltzner was also applied to the 
scales of fifteen carp and four buffalo taken from the 
Mississippi Hiver on March 8, I960. The scales of two carp 
and two buffalo showed poor or very small growth zones, 
while the scales of thirteen carp and two buffalo showed 
definite zones which were rather small in relation to the 
size of the scales. The fish from which these scales were 
taken were collected in the Mississippi Hiver which was 
frozen over at the time. It seemed that fish living in such 
conditions surely would not be growing; yet their scales 
showed growth zones. 
These experiments indicated that either the mani­
festation of a fish's growth in the scales is a slow 
process or the staining method in question was not critical 
enough. Since the object of this study was to determine 
within as short a time interval as possible when fish growth 
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was occurring, the adaptation of Stoeltzner*s (1905) method 
was abandoned. 
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GROWTH OF HIVER CARPSUCKERS 
Annual Growth, 1948 to 1961 
Scale samples were analyzed from 1,006 river carp­
suckers collected during I960 and 1961. The annuli were 
marked on paper strips placed in a postero-lateral position 
on the projected scale image. This position was chosen 
because the annul! were clearest there, and the length of 
this scale radius was the most regular. It was also the 
position used by Buchholz.(1957) in his study of river 
carpsuckers of the Des Moines Hiver. The annuli of age I 
and II fish were fairly easy to determine and were character­
ized by a crossing-over along the complete length of the 
lateral field. The annuli of age III and older fish were 
more difficult to determine since crossing-over was usually 
apparent only at the anterio- and posterio-lateral portions 
of the scale. The distance between circuli was helpful 
since annuli were often preceded by a band of closely spaced 
circuli and followed by a band not so closely spaced. In 
the posterior field of the scale the annuli were usually 
evidenced by a wider space between the circuli. In the 
anterior field the spacing of the circuli both preceding 
and following the annulus were similar to those in the lateral 
field, but the circuli usually appeared like broken lines 
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with those of the annulus broken more finely; there was no 
crossing over. 
Some difficulties were encountered in distinguishing 
between true and false annuli. Annuli designated as false 
had any of the above characteristics but never all of those 
required for a true annulus. Usually a false annulus was 
fairly close to a true one and was accompanied by an apparent 
ring suggested by a slight thickening of the circuli. Old 
injuries to the scales were easily recognized. Neither 
regenerated nor lateral-line scales were included in the 
scale readings. 
Buchholz (1957) showed that the body-scale relation­
ship is linear for the river carpsucker in the Des Moines 
Hiver and gave O.57 inches as the correction needed for the 
total length of the fish at the time of scale formation. 
Since there was no reason to think that the body-scale rela­
tionship had changed, this length was used as the focal 
intercept on the nomograph in the determination of the 
lengths at each annulus for the I960 and 1961 collections. 
Also, comparison of the collections of river carpsucker 
during 1956» I960 and 1961 was simplified by using the same 
focal intercept throughout. 
A comparison of the average lengths and increments 
at each annulus (Table 2 and Figure 11) reveals that growth 
has become less since 1956. The average lengths in 1956 were 
Table 2. Average calculated total lengths and length Increments of river carp­
suckers collected in the Des Moines River, Boone County, Iowa, I960 and 
1961 
Year Age Total Weight No. Average calculated total length at annulus 
class group length (grams) of 12 3 45° 7 8 9 
(in.) fish 
I960 I 3.2 7 
(25)* 
27 2.4 
1959 I 
II 
3.6 
5.6 
12 
(58) 
38 
(183) 
63 
185 
3.2 
3.2 5.3 
1958 II 
III 
5.6 
7.5 
39 
87 
76 
81 
2.8 
2.8 
5.4 
5.7 7.2 
1957 III 
IV 
7.6 
8.7 
94 
132 
(188) 
48 
191 
2.8 
2.6 
5.8 
4.6 1:1 8.5 
1956 IV 
V 
8.6 
10.0 
127 
199 
(65) 
224 
66 
2.7 
2.6 
4.6 
4.8 
6.8 
6.9 
8.5 
8.9 10.0 
1955 V 
VI 
9.9 
12.6 
168 
361 
(16) 
14 
20 
2.6 
2.9 
4.7 
5.4 
6.4 
7.6 
8.3 
9.8 
9 . 8  
11.6 
aNumber of fish for weight in parentheses where different than number 
for length. 
Table 2. (Continued) 
Year Age Total Weight No. Average calculated total length at 
class group length (grams) of 12 3 4 5 o 7 8 9 
(in.) fish 
1954 VI 12.3 374 
VII 13.4 375 
(3) 
4 
5 
3.1 
3.3 
4.8 
5.6 
7.0 
7.9 
9.2 
9.9 
11.2 
11.5 
12.3 
12.6 13.4 
1953 VII 13.9 473 1 2.5 4.7 6.1 8.9 10.6 12.1 13.9 
1952 IX 14.2 511 1 2.2 4.2 6.6 8.5 10.8 11.7 12.6 13.4 14.2 
Average lengths 1006 2.8 5.0 7.0 8.6 10.4 12.4 13.4 13.4 14.2 
Average length increments 2.8 2.2 2.1 1.7 1.4 0.9 1.0 0.8 0.8 
Average lengths (from 
Buchholz, 1956) 261 2.9 6.0 8.0 10.0 11.2 12.3 13.1 13.6 16.4 
Average length increments 
in 1956 2.9 3.2 2.2 2.1 1.5 1.3 1.0 0.8 1.3 
Figure 11. Growth curves of the river carpsucker, 
collected in the Des Moines River, 
Boone County, Iowa 
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from 0.1 - 2.2 inches larger than those of the I960 and 1961 
collection at corresponding annuli except for the sixth and 
seventh annuli which were smaller by 0.1 and 0.3 inches 
respectively. In addition, the average annual increments 
in length have decreased from 1956 except that increment for 
the seventh annulus involving nine age VII and older fish 
which increased and the eighth annulus involving one fish 
which remained the same. These changes in average length 
and length increments which involved the older ages of fish 
are perhaps not significant since only 26 of 1,006 fish were 
involved. 
/ The average calculated lengths of river carpsuckers 
collected in I960 and 1961 are fairly similar for each year 
class (Table 2) at each annulus except for four instances. 
Those were the age III and IV fish of the 1957 year class at 
the second annulus where the calculated lengths differed by 
1.2 inches, and the age V and VI fish of the 1955 year class 
at the third, fourth and fifth annuli where the lengths 
differed 1.2, 1.5 and 1.8 inches respectively. Since the 
calculated lengths of a single year class collected during 
consecutive years should be very similar at corresponding 
annuli, scale samples selected at random from these year 
classes were reread by the author and independently by 
another person (K. D. Carlander). No discrepancies in tech­
nique were discovered. Another explanation for this phenom­
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enon is the manner in which the fish were assigned to age 
groups. There was some difficulty in determining if the 
last annulus was formed during the season of collection or 
during the previous year. Generally fish with an annulus 
very close to the edge of the scale were assumed to have 
already formed the year's annulus. If there was a "wide" 
space between the last annulus and the edge of the scale, 
another annulus was "assumed" on the edge, thereby promoting 
the fish to the next oldest age group. This method was 
somewhat similar to that used by Kennedy (1954) for the lake 
trout. It is realized that there could have been errors 
involved in this technique, and a few fish could have been 
wrongly assigned to age groups, thereby creating discrepan­
cies in the calculated lengths. 
There was little evidence for Lee's phenomenon of 
apparent change of growth rate in the calculated lengths. 
The older fish did not seem to show a trend toward smaller 
lengths nor did they appear to be larger. 
It may also be seen in Table 2 that the age TV fish 
in i960 (1956 year class) and in 1961 (1957 year class) were 
very abundant. Yet this abundance is not further revealed by 
the numbers of the 1957 year class collected during i960 or 
the 1956 year class collected in 1961. Buchholz (1957) 
suggested that the electric shocker may be selective for the 
larger fish, but there was no particular difficulty experienced 
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in collecting fish of ages I-IV with the shocking apparatus 
used during the present study. It is suggested that river 
carpsuckers may experience a greater mortality rate after 
reaching age IV or older. 
The inconsistencies of abundance of the 1956 and 
1957 year classes in the i960 and 1961 samples and the 
failure of the calculated growth of certain year classes 
to agree in the i960 and 1961 collections cast considerable 
doubt upon the growth data for this species. The data are 
here presented as interpreted at present. 
The 1959 year class appeared to be quite abundant, 
since the number of this group were greater at age II in 
1961 than at age I in i960, or than the age II fish in I960. 
The I960 year class may have been less abundant than previous 
year classes. This group in 1961 was less than half as 
numerous in the 1961 collections as the 1959 year class 
collected in i960. However, yearling river carpsuckers were 
most abundant over flooded mud flats in both I960 and 1961. 
These areas could not be sampled as often in 1961 as in 
i960 because of low water levels during late spring of 1961. 
Thus the low numbers of the i960 year class in 1961 may have 
been due to a reduction in fishing effort in 1961 rather 
than a change in abundance of the fish. 
The 1956, I960 and 1961 collections were combined 
to yield a continuous record of growth from 1948 to I960. 
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In doing this three fish representing three year classes 
were eliminated from the calculations because their growth 
was not typical. These were one fish of the 19^7 year class 
collected in 1956, one fish of the 1952 year class collected 
in I960 and one fish of the 1953 year class collected in 
I960. In the combined table of increments (Table 3), the 
columns represent growth in different years of life but in 
the same calendar year, the rows represent growth in differ­
ent calendar years for the same year of life and the 
diagonals represent the growth histories of individual year 
classes. 
By comparing the increments in the several yearly 
columns it was possible to develop a growth index for the 
river carpsucker similar to that used by Hile (1941) for the 
rock bass. This index, commonly known as the Hile index, 
was employed to represent the growth from 194# to I960 and 
is a measure of the percentage deviation from average growth 
in different calendar years. Growth has been 7 per cent or 
more below average for 5 years during 19^8 to i960 (Figure 
12). An upward trend in growth started after 194g and 
resulted in better than average growth during 19^9 and 1951 
to 1955. A great decrease in growth occurred in 1956 which 
resulted in below average growth until 1959 when the growth 
was exactly average. The growth in I960 also decreased 
very much, dropping 29 per cent, or as much as during 1956. 
Table 3. Annual total length increment (inches) of the various year classes 
of river carpsuckers collected in 1956a, I960 and 1961, Des Moines 
River, Boone County, Iowa13 
Year — insMmemt of Growth ^ paieaaar %?ars 
of 1948 Î9IÏ9 Ï95Ô 1951 1952 1953 1954 1955 1956 1957 1955 1959 Î96Ô 
life 
8 0.8 
7 1.1 0.9 0.8 
6 1.3 1.3 1.3 1.1 0.9 
5 1-3 1.7 1.5 1.3 H
 
00
 
1.7 1.1 
4 1.7 1.6 1.8 2.3 2.0 2.1 2.1 1.8 1.6 
3 1.7 2.1 2.1 2.5 2.5 2.4 2.2 2.0 2.2 2.2 1.5 
2 3.1 2.9 3.2 3.1 2.7 2.5 3-5 1.7 2.0 2.2 2.8 2.1 
1 2.4 2.7 2.7 2.7 3.3 2.9 3.0 2.9 2.7 2.6 2.8 3.2 2.4 
No. in 
1956 11 24 39 24 14 13 26 109 
I960 4 14 224 48 76 63 
1961 5 20 66 191 81 185 27 
aData from Buchholz (1956). 
^Leaving out one 1952 year class fish collected in 1961, one 1953 year 
class fish collected in I960, and one 1947 year class fish collected in 1956. 
Figure 12. Hile indexes of river carpsuckers, and 
average June-August water levels and 
air temperatures. 1948 to I960 
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This large decrease in growth during 1956 was not found by 
Buchholz (1957)» who thought that the growth might have 
been above average for that year. 
Average June-August water levels and air temperatures 
do not show trends corresponding to the growth of the fish 
represented by the Hile indexes (Figure 12). While the 1948 
to 1950 water levels and Hile indexes were somewhat low and 
those for 1951 to 1955 somewhat high, the increasing Hile 
indexes of 1951 to 1955 occurred at a time when the peak 
water levels were decreasing. Growth from 1957 to 1959 
increased as did the water levels, but in I960, a time of 
fairly high average levels, the growth declined greatly. 
It is probable that the growth of the fish is more 
related to air temperatures than to water levels. The Hile 
indexes seem to show an upward trend along with the air 
temperatures during 1952 to 1955 with the highest Hile index 
and June-August air temperature both being recorded in 1955» 
No apparent downward trend in air temperatures can be seen 
to correspond with the below average Hile indexes during 
1956 to I960. 
Seasonal Growth During I960 and 1961 
In addition to the analysis of growth of the river 
carpsucker on a year-to-year basis, the growth was also 
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studied during I960 and 1961 to see if intra-seasonal growth 
patterns were related to water level or water temperature 
fluctuations. 
The numbers of fish in each 0.1 inch total length 
interval from 1.0 - 10.0 inches were plotted for each time 
interval during i960 (Figure 13) and 1961 (Figure 14) 
yielding distinctly trimodal histograms of length-frequency 
for each year. These figures represent all the river carp­
suckers of this size range collected during i960 and 1961. 
Scale readings indicated that the three modes in each histo­
gram represented five age groups of fish during each collec­
tion period in each year. The smallest two modes in total 
length represented the age I and II fish while the third 
mode represented the age III, IV and smaller age V fish. 
Sihce the age III, IV and V fish could not be separated by 
their size distribution, they were not included in the 
seasonal growth comparisons. 
Length limits for the age I and II fish represented 
in each histogram were established from the ranges in size 
as determined from the scale analyses in comparison with the 
apparent ranges of sizes in the histograms. The average 
total lengths of the age I and II fish in each collection 
period during each year were calculated (Table 4) by 
cumulatively multiplying the number of fish in each 0.1 inch 
group by their total length and dividing by the total number 
Figure 1]. Length-frequency histograms of river 
carpsuckers collected in the Des Moines 
Hiver, Boone County, Iowa, i960 
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Figure 14. Length-frequency histograms of the river 
carpsuckers collected in the Des Moines 
River, Boone County, Iowa, 1961 
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Table 4. Collection periods, numbers, average total lengths (inches), moving 
average lengths and.length increments of river carpsuckers, Des Moines 
River, Boone County, Iowa, I960 and 1961 (Number of fish in parentheses) 
Collection Aee I Aee II 
periods Average 
length 
Moving 
average 
length 
Half-
month 
increment 
Average 
length 
Moving 
average 
length 
Half-
month 
increment 
I960 
June 1-1 j) 
June 16-30 
3.14 
2.84 
( 86) 
(313) 2.84 
5-33 
5.42 [ t i l l  \ : l l  0.09 
July 1-15 
July 16-31 
2.98 
3.50 Is zl2i 
3.11 
3-39 
0.27 
0.28 
5-5! 
5-65 
(196) 
(129) 
5.53 
5.72 
0.11 
0.19 
August 1-15 
August 16-31 
3.70 
4.26 
( 
( 
84) 
37) 
3.82 
4.30 
0.43 
0.48 
5.99 
6.45 
( 3D 
( 25) 
6.03 
6.46 
0.31 
0.43 
October 4.93 ( 14) 4.93 0.18 6.94 ( 16) 6.94 0.14 
1961 
April 
May 2.40 ( 1) 2.40 
4.96 
5.11 
(397) 
( 8) 
4.96 
5.10 0.07 
June 1-15 
June 16-30 
2.70 
2.70 
( 
( ill 
2.60 
2.84 
0.13 
0.24 
5.23 
5.13 
(265) 
(376) 
5.16 
5.27 
0.04 
0.11 
July 1-15 
July 16-31 
3.12 
3.65 
( 
( 3l> 3.16 3.48 
O.32 
0.32 
5.46 
5.64 
(389) 
(383) 
5.41 
5-58 
0.14 
0.17 
August 1-15 
August 16-31 
3.68 
4.26 
( 
( 
24) 
17) 
3.86 
4.26 
O.38 
0.40 
5» 64 
5.71 
(479) 
(202) 
5» 66 
5.76 
0.08 
0.10 
October 5.94 ( 18) 5.94 0.05 
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of fish in the age group. 
From an examination of the length-frequency histo­
grams and the average total lengths of the fish it is evident 
that a trend of increasing lengths can be followed during 
1960 and 1961. However, there are discontinuities in the 
trend (Figure 15). During June 1-15 the average total 
lengths of the age I fish in i960 and the age II fish in 
1961 were larger than the average lengths in the June 16-30 
period. It is thought that these discrepancies were due to 
errors in sampling technique and not to actual decreases in 
the average total lengths of the fish in the June 16-30 
period. 
To smooth the curves of average total lengths during 
1 
I960 and 1961, a moving average by threes of the average 
total lengths was employed (Table 4), similar to that used 
by Stroud (1948) and LeCren (1958)• However, the moving 
average did not smooth the June 1-15 average of age I fish 
in i960. Therefore this average was eliminated and the 
moving averages for this age group were calculated from 
June 16-30 on. 
Fairly smooth seasonal growth curves resulted from 
plotting the moving average total lengths of the age I and 
II fish during the growing seasons of I960 and 1961 (Figures 
16 and 17). During these years the 1959 year class was the 
only one that could be followed from year-to-year. In 
Figure 15- Average total lengths and length increments 
of river carpsuckers collected in the Des 
Moines River, Boone County, Iowa, I960 and 
1961 (Moving averages were not used here) 
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Figure 16. Moving average total lengths and length 
increments of river carpsuckers collected 
in the Des Moines River, Boone County, 
Iowa, I960, and average water levels, 
water level changes and water temperatures 
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Figure 17. Moving average total lengths and length 
increments of river carpsuckers collected 
in the Des Moines River, Boone County, 
Iowa, 1961, and average water levels, 
water-level changes and water temperatures 
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October, I960, the average total length of the 1959 year 
class was 4.93 inches while in April, 1961, the average 
total length was 4.96 inches. This indicates that growth of 
the river carpsucker is very slow during the winter months 
and that the growth calculations from the length-frequency 
histograms are probably adequate. 
During both I960 and 1961, the age II fish grew 
slowly in the spring. The growth speeded up during June, 
July and August and tapered off during the late summer and 
fall. The age I fish in each year, however, seemed to start 
their growth earlier in the spring than the age II fish. 
This was reflected by the earlier annulus formation of the 
age I fish in each year (Table 5)« 
Annuli are formed as the result of interruptions in 
growth. Thus the time of annulus formation indicates when 
the fish start their yearly growth. The age I fish in each 
year seemed to start forming annuli earlier in the year than 
did the age II fish, indicating that the growth of the age I 
fish probably started earlier than those of age II. There 
was a tendency during both I960 and 1961 for the younger 
fish to form the annulus sooner than older fish. A similar 
situation was found with brown trout in Wales by Ball and 
Jones (I960). This could be a reason why younger fish 
generally exhibit faster growth rates than do older fish. 
That is, their growth starts earlier in the spring, allowing 
Year 
clas 
I960 
1959 
1958 
1957 
1956 
1955 
1954 
1953 
1952 
5» Proportion of river carpsuckers with new annul! at various collection 
periods, Des Moines River, Boone County, Iowa, I960 and 1961 
(Number that had formed annulus on scale edge/Total number of fish) 
group April May June Julv 
•
p to i Oct. 
1-15 16-30 1-15 16-31 1-15 16-31 
I 0/2 0/1 3/3 5/5 8/8 2/2 6/6 
I 0/10 1/3 12/13 11/11 11/11 4/4 1/1 
II 0/27 0/4 10/41 14/20 16/21 25/25 14/18 9/12 17/17 
II 0/15 0/8 14/24 15/15 3/3 5/5 6/6 
III 0/3 11/22 5/11 21/25 3/4 5/7 4/6 3/3 
III 0/4 0/5 1/9 10/16 4/7 2/4 3/3 
IV 0/8 0/2 16/38 34/52 42/58 8/14 4/9 4/6 4/4 
TV 0/28 1/24 2/40 7/60 18/35 10/20 12/17 
V 0/14 0/4 1/15 0/6 0/8 1/2 0/6 0/1 
V 0/1 1/2 0/5 0/1 0/2 1/3 
VI 0/1 0/2 0/2 1/8 0/3 0/1 0/1 0/1 1/1 
VI 0/2 0/1 0/1 
VII 0/2 0/3 
VII 0/1 
IX 0/1 
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during the second half of August. 
The correlation coefficients of increments in total 
length with water levels and water-level changes (Table 6) 
were not significantly different from zero at the .05 level 
of significance (Snedecor, 1956, p. 174), except in one 
case. A significant negative correlation was found between 
growth of the age I fish in 1961 and water levels. This 
indicates that the period-to-period growth of these fish in 
I960 was inversely related to water levels, the growth 
increasing as water levels became lower. Moreover, the 
correlations between growth and water levels for the other 
year classes of river carpsuckers during I960 and 1961 were 
also negative though non-significant. 
The growth of river carpsuckers seemed to be more 
positively related to water temperatures. The correlation 
coefficients of increase in total length with water temper­
ature were in all cases positive but not significantly 
different from zero at the .05 level except in one case. 
The length increments of the age I fish collected in 1961 
were positively correlated with water temperatures during 
that year. The interaction of both water levels and water 
temperature affected the growth of these fish. 
Table 6. Correlation of length increments of river carpsuckers with water 
levels, water-level changes and water temperatures, Des Moines Hiver, 
Boone County, Iowa, I960 and 1961 
Y X 
Age I 
ryx 
Age II 
I960 Total 
Total 
Total 
length 
length 
length 
increment 
increment 
increment 
Water 
Water-
Water 
level 
•level change 
temperature 
-. 606 
•533 
.630 
—. 68 5 
• 370 
• 392 
1961 Total 
Total 
Total 
length 
length 
length 
increment 
increment 
increment 
Water 
Water-
Water 
level 
•level change 
temperature 
-.823* 
-.201 
.899* 
-.078 
— e 066 
.603 
•Significant at .05 level. 
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GROWTH OF GOLDEN REDH0R5ES 
Annual Growth, 195^ to 1959 
Data on the growth of golden redhorses collected in 
the Des Moines River in I960 (Meyer, 1961) can be used in 
evaluating effects of water levels and temperature (Table 7)* 
There does not seem to be any relationship between annual 
growth, as represented by the Hile indexes, and water levels 
or temperatures (Figure 18). Although growth was 25 percent 
Table 7» Annual total length increment (inches) of the 
various year classes of golden redhorses collected 
on the Des Moines River, Boone County, Iowa, 1960a 
Year of Increment of growth in calendar years 
life 1955 1955 1956 1957 1958 1959 
6 1.94 
5 2.86 1.82 
4 2.47 1.92 2.26 
3 3.03 2.10 2.03 2.84 
2 2.30 3.46 3.47 3.88 2.48 
1 4.67 3.13 3.22 3.22 3-86 3.24 
No. of 
fish 3 27 131 254 30 41 
&Data from Meyer (1961, p. 
1953 year class is not included. 
58). The one fish of the 
Figure 18. Hile indexes of golden redhorses and average 
June-August water levels and air temperatures, 
Des Moines Hiver, Boone County, Iowa, 1954 to 
1959 
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above the 195^ to 1959 average in 1954 at a time when very 
high water levels were recorded, it was 6 per cent above 
the average in 1956 when the water levels were at their 
lowest point in the period. Generally declining growth 
after 1956 coincided with steady water-level increases. 
Average air temperatures were fairly steady from 
1954 to 1957 while the widest fluctuations in growth were 
occurring. The lowest average temperature in the period was 
in 1958 when the growth was exactly average. 
Seasonal Growth During i960 
In an analysis of the seasonal growth of golden 
redhorse in I960, the length-frequency histograms were found 
to be trimodal for each period of collection (Figure 19)• 
The smallest two modes in total length represented the age I 
and II fish, while the largest mode in total length represented 
the age III and smaller age IV fish. Since the age III and IV 
fish were together in the same mode, they were not included 
in the growth comparisons. Average total lengths were 
calculated from the length-frequency histograms in a manner 
similar to those for the river carpsucker. 
A trend of increasing lengths can be followed through­
out the i960 growing season (Figure 20 and Table 8). Several 
discrepancies may be noted. The average total lengths of the 
Figure 19* Length-frequency hi stograms of golden red­
horses collected in.the Des Moines River, 
Boone County, Iowa, I960 
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Figure 20. Moving average total lengths and length 
increments of golden redhorses collected 
in the Des Moines River, Boone County, 
Iowa, I960, and average water levels, 
water level changes and water temperatures 
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Table 8. Collection periods, numbers, average total lengths (inches), moving 
average lengths and length increments of golden redhorses, Des Moines 
River, Boone County, Iowa, I960 (Number of fish in parentheses) 
Collection Age I ASS-JL 
period Average 
length 
Moving 
average 
length 
Half-
month 
increment 
Average 
length 
Moving 
average 
length 
Half-
month 
increment 
June 1-15 3.30 ( 1) 7-33 (32) 7.33 
June 16-30 2.86 ( 7) 2.86 7.48 (42) 7.48 0.15 
July 1-15 3.50 ( 2) 3.20 O.34 7.64 (26) 7.72 0.24 
July 16-31 3-24 (10) 3.36 0.16 8.03 (40) 7.99 0.27 
Aug. 1-15 3.34 ( 9) 3.49 0.13 8.30 (14) 8.14 0.15 
Aug. 16-31 3.90 ( 4) 4.26 0.77 8.08 (11) 8.24 0.10 
Oct. 1-31 5.55 ( 4) 5.55 0.37 8.33 ( 7) 8.33 0.02 
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age I fish during June 1-15 and July 16-31 and that of the 
age II fish during August 16-31 are less than those in the 
immediately preceding periods. These apparent period-to-
period decreases in average lengths were attributed to 
sampling variance. Moving averages were again employed to 
smooth the curves (Figure 20). However, the moving average 
did not smooth the average total length of the age I fish 
during June 1-15» represented by only one individual. 
Therefore, this average was eliminated and the moving 
averages for this age group were calculated from June 16-30 
on. 
The age II fish grew steadily until the last half of 
July when their growth slowed. Decreasing increments for 
the age II fish were noted through October. The average 
lengths of the age I fish increased through October, but the 
increments calculated from them were very erratic. Since so 
few fish (32) were involved in the age I length determina­
tions, these increments may not be representative of those 
of the population. 
Increments of the age II fish were perhaps related 
to water temperatures (Figure 22). Water levels or water-
level changes did not appear to be directly related to the 
length increments of either the age I or II fish. Length 
increments were not significantly correlated with any of 
these variables (Table 9). 
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Table 9* Correlation of length increments of golden 
redhorses with water levels, water-level changes 
and water temperatures, Des Moines Hiver, Boone 
County, Iowa, I960 
Y X r yx 
Age I Age II 
Total length increment Water level -.365 .248 
Total length increment Water-level change .239 -.720 
Total length increment Water temperature -.175 .7 76 
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GROWTH OF WALLEYES, CHANNEL CATFISH AND CARP 
Information from studies prior to I960 on walleyes 
(Schmulbach, 1959), channel catfish (Muncy, 1959) and carp 
(Rehder, 1959) can be used in evaluating the effects of 
water levels and temperature on the growth of these species 
(Tables 10, 11 and 12). 
Hile indexes (Figure 21) representing annual growth 
of walleyes during 1949 to 1957 do not seem to be related to 
air temperature, but a more direct relationship is suggested 
with water levels. The first year growth of walleyes was 
omitted from these data because it is probably independent 
of the growth in successive years. The correlation between 
Hile indexes for the first year of life and succeeding years 
of life was non-significant at the .05 level (r = .089, 5 
d.f.). A possible explanation for the independent growth is 
that walleyes change from an invertebrate to a vertebrate 
diet during the first year of life. 
The best walleye growth occurred in 1951 when water 
levels were high. Declining growth after 1951 was accom­
panied by generally decreasing water levels, except during 
the high water year of 1954. High water in 1954 was 
accompanied by a three per cent growth increase. However, 
the correlation coefficient, 0.532 (7 d.f.), of the Hile 
indexes with water levels during 1949 to 1957 was not 
Table 10. Annual total length increment (inches) of the various year classes 
of walleyes collected in the Des Moines River, Boone County, Iowa, 
1956 to 1958a 
Year , Increment of growth in calendar year 
of 1955 Ï9E9 Î95Ô Î95Î 1952 1953 1954 1955193% 1957 
life 
9 0.4 
8 0.9 0.5 1.0 
7 1.1 1.3 1.4 
6 1.7 1.7 1.8 1.4 
5 1.8 1.6 2.4 1.7 1.6 
4 2.8 
00 H
 1.8 2.1 2.3 2.0 
3 N>
 
00
 
2.6 2-5 2.9 3.2 3.0 2.6 
2 2.6 3.2 3.5 4.1 3.5 3.5 3-4 3.0 
1 8.5 9.3 8.5 
CM 
.
 
00 
7.7 8.0 7.7 8.6 8.6 
No. 
of 
fish 11 2 - 5 54 19 71 
aData from Schmulbach (1959)• 
Table 11. Annual total length increment (inches) of the various year classes 
of channel catfish collected in the Des Moines River, Boone 
County, Iowa, 1955 and 1956s 
of 
life 
1948 1949 1950 1951 1952 1953 1954 1955 
9 2.0 1.6 
8 2.6 1.9 1.8 
7 2.7 2.4 2.7 2.1 
6 2.7 2.6 2.5 2.8 2.0 
5 2.4 2.6 2.5 2.6 2.9 2.1 
4 2.2 2.6 2.6 2.7 2.3 3-4 2-3 
3 1.7 2.2 2.6 2.7 2.9 2.8 3*3 2.6 
2 
—  — —  
— — — 
— — — 2.3 2.5 3.0 3.5 3-3 
1 — — — — — — 2.0 1.9 2.0 1.9 1.7 2.1 
No. of 
fish 4 16 6 31 65 80 191 27 
aData from Muncy (1959). The 1946 year class collected in 1956 (one 
fish), and the 1945 and 1943 year classes (one fish each) have been omitted. 
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Table 12. Annual total length increment (inches) of the 
various year classes of carp collected in the 
Des Moines Hiver, Boone County, Iowa, 1958a 
Year Increment of growth in calendar year 
o f  1 9 5 1 Î 9 5 2 1 9 5 3 1 9 5 % 1 9 5 5 1 9 5 6 1 9 5 7  
life 
7 1.5 
6 2.5 1.7 
5 2.0 3.1 3.1 
4 3.1 3.4 3.1 4.2 
3 4.0 4.8 3.1 4.4 4.7 
2 5.4 4.3  4.6 4.6 4.8 4.2  
1 5.5 6.9 5.1 5.3 4.7 5.0 6.2 
No. of 
fish 3 5 7 17 30 339 11 
significantly different from zero at the .05 level. 
Schmulbach (1959) thought that walleye growth was 
poor in 1958 and was perhaps attributable to low water levels 
in the spring, late summer and fall. 
Channel catfish growth during 1948 to 1955 (Figure 
21) seemed to show no relationship to air temperatures, but 
some relationship with water levels was evidenced. However, 
the correlation coefficient for Hile indexes and water 
levels, 0.664 (6 d.f.) was not significantly different from 
zero at the .05 level. Muncy (1959) indicated that channel 
Figure 21. Hile indexes of walleyes (1949 to 1957)» 
carp (1951 to 1957) and channel catfish 
(194-8 to 1955) t and average June-August 
water levels and air temperatures, Des 
Moines River, Boone County, Iowa 
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catfish growth continued longer and was greater in 1956 than 
in 1955» though the Hile index cannot be determined for the 
later year. If growth was better in 1956 than in 1955» it 
was average or above while water levels during that year 
were extremely low. 
The annual growth increments used here were based 
on calculated lengths determined from pectoral spine cross-
sections. Since Muncy (1959) felt that the body-spine 
relationship was very variable, especially for older fish, 
these increments may not represent the true growth of the 
population. 
Hile indexes representing carp growth during 1951 
to 1957 (Figure 21) show no evident relationship with either 
water levels or temperature. Hehder (1959) said that 1952, 
1954, 1956 and 1957 were good growing years for the carp, 
and the Hile indexes for these years are above the average. 
Evidently 1952 was the best year for growth during the 
period. 
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GROWTH OF SAND SHINERS 
Data on the seasonal growth of sand shiners in the 
Des Moines River were available from the I960 and 1961 
collections and from collections made by William C. Starrett 
during 1946 and 1947. Starrett (1948) reported on three 
collections of this species made in 1946. Length-frequency 
tables representing 15 collections made by Starrett in 1947 
were present in the files of the Iowa Cooperative Fisheries 
Research Unit. 
Length-frequency histograms for the 1946 collections 
(Starrett, 1948, p. 97) and the 1947, I960 and 1961 collec­
tions (Figures 22 and 23) indicated that the growth of age 
groups 0, I and II could be traced during each year. 
Starrett (1948) found that sand shiners in the Des Moines 
River suffer a heavy mortality after reaching age II. Few 
fish survive to age III. No sand shiner in the collections 
represented in the histograms could be assessed as belonging 
to age III. 
The numbers of fish represented in the 1947 collec­
tions were plotted as percentages of the total number against 
2 millimeter length intervals, while actual numbers of fish 
in the 1946, I960 and 1961 collections were plotted against 
1 millimeter length intervals. The numbers of fish in each 
1947 collection were quite large (Table 13); and the use of 
Figure 22. Length-frequency histograms of sand shiners 
collected in the Des Moines Hiver, Boone 
County, Iowa, 19^7 
91 
MAR. 28-
APRIL 12 20 
APRIL 13-27 
20 APR. 28-MAY II 
MAY 12-25 
_i Lai 
MAY 26-JUNE 9 
JUNE 10-24 
LU 10 
ci 
JUNE 25-
JULY 10 
50 20 
JULY 11-25 
20 JULY 26-
—«AUG. 10 
"1 AUG. 11-25 
AUG. 26 -
SEPT. 7 
SEPT. 10-23 
SEPT. 24 -
OCT. 7 20 
OCT 8-22 
NOV. 21 
20 
STANDARD LENGTH (MILLIMETERS) 
Figure 23.  Length-frequency histograms of sand shiners 
collected in the Des Moines River, Boone 
County, Iowa, I960 and 1961 
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Figure 23. (Continued) 
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Table 13.  Collection periods, numbers, average standard lengths (millimeters), 
moving average lengths and length increments of sand shiners, Des 
Moines River, Boone County, Iowa, 1946 and 194? (Number of fish in 
parentheses) 
Collec­ Aere 0 Aere I Aere II 
tion 
period 
Aver­
age 
length 
Moving 
aver­
age 
length 
Half-
month 
incre­
ment 
Aver­
age 
length 
Moving 
aver­
age 
length 
Half-
month 
incre­
ment 
Aver­
age 
length 
Moving 
aver­
age 
length 
Half-
month 
incre­
ment 
July 31 36 
(77) 
36 46 
(57) 
46 
Oct. 5 27 
(294) 
27 41 
(77) 
40 0.9 49 
(17) 
48 0.4 
Nov. 23 27 
(918) 
27 0 42 
(246) 
42 . 0.7 50 
(126) 
50 0.7 
1202. n 
Mar. 28-
Apr. 12 
25 
(35D 
25 46 
(44) 
46 
Apr. 23-
Apr. 27 
24 
(506) 
25 0 47 
(50) 
47 1 
Apr. 28-
May 11 
26 
(211) 
25 0 47 
(71) 
47 0 
May 12-
May 25 
26 
(304) 
27 2 48 
(69) 
48 1 
May 26-
June 9 
28 
(126) 
27 0 48 
(12) 
48 0 
Table 13. (Continued) 
Collée- Age 0 
tion Aver- Moving Half-
period age aver- month 
length age incre-
length ment 
mz 
June 10-
June 24 
June 25-
July 10 
July 11-
July 25 
July 26-
Aug. 10 
Aug. 11- 18 18 
Aug. 25 (3) 
Aug. 26- 20 20 
Sept. 7 (23) 
Sept. 10- 23 22 
Sept. 23 (10) 
Sept. 24- 24 24 
Oct. 7 (54) 
Agfi-J 
Aver- Moving Half-
age aver- month 
length age incre-
length ment 
Aft? 
Aver- Moving Half-
age aver- month 
length age incre-
length ment 
27 
(305) 
31 
(363) 
, 33» (495) 
/ 35 X (1,015) 
, 35 X (281) 
37 (200) 
38 
(105) 
/ 37 x (395) 
29 
30 
33 
34 
36 
37 
37 
38 
2 
1 
3 
1 
1 
0 
1 
47 
(19) 
48 
(16) 
49, 
(14) 
48 
(18) 
(12) 
?4) 
48 
48 
48 
50 
51 
52 
0 
0 
0 
2 
1 
1 
Table 13» (Continued) 
Collec­ Acre 0 Acre I Aere II 
tion 
period 
Aver­
age 
length 
Moving 
aver­
age 
length 
Half-
month 
incre­
ment 
Aver­
age 
length 
Moving 
aver­
age 
length 
Half-
month 
incre­
ment 
Aver­
age 
length 
Moving 
aver­
age 
length 
Half-
month 
incre­
ment 
1947 
Oct. 8-
Oct. 22 
26 
(153) 
24 0 
(355) 
37 1 
Î5) 
52 0 
Nov. 21 23 
(418) 
23 0 . 3  
(156) 37 
0 
99 
percentages put each collection on the same scale, eliminat­
ing apparent changes in abundance with time which might have 
been due to changes in fishing effort. 
Length limits were established from the length-
frequency histograms for each age group of sand shiners in 
the several collection periods during 1946, 1947, I960 and 
1961, and average lengths were determined (Tables 13 and 14). 
Apparently sand shiners owe their abundance in the 
Des Moines River to low water-levels which usually occur in 
late summer and are essential for successful spawning activi­
ties of this species. During 1946 and 1947 Starrett (1948) 
found this species to spawn from late July through August 
when water levels were low (Figure 24). Age 0 fish did not 
appear until mid-August in the 1947 collections and not 
until after July in 1946. The exact date of appearance in 
1946 is not known because there were no collections between 
July and October. In i960 and 1961 sand shiners apparently 
spawned in late June or early July; small numbers of age 0 
fish appeared in both year's collections in July though large 
numbers were not collected until October, I960, and late 
August, 1961. The July water levels in both i960 and 1961 
were from 0.2 - 2.2 feet lower than in 1946 and 1947. It is 
thought that the earlier spawning in i960 and 1961 was due 
to low water-levels which occurred in late June and July 
rather than in late July and August as in 1946 and 1947. 
Table 14. Collection periods, numbers, average total lengths (millimeters), 
moving average lengths and length increments of sand shiners, Des 
Moines River, Boone County, Iowa, I960 and I960 (Number of fish 
in parentheses) 
Collec­
tion 
period 
Age 0 
Aver- Moving Half-
age aver- month 
length age incre-
length ment 
A«9 I 
Aver- Moving Half-
age aver- month 
length age incre-
length ment 
AffÇ lit 
Aver- Moving Half-
age aver- month 
length age incre-
length ment 
I960 
June 1-15 
June 16-30 
July 1-15 
Aug. 1-15 
October 
1261 
May 
June 1-15 
22 ( 2 )  
July 16-31 24 
(1) 
26 (81) 
22 
24 
26 0.4 
z 35 x (371) 
35 
(430) 
, 35x (730) 
, 35 
(554) 
41 
(167) 
45 
(33) 
26 
( 5 3 )  
< &  
35 
35 
35 
35 
40 
45 
26 
32 
0 
0 
5 
1 
52 (220) 
52 
(239) 
, 52 (213) 
(42) 
( 7 )  
fz) 
44 
(97) 
51 
(179) 
52 
52 
52 
52 
54 
56 
44 
48 
0 
0 
2 
0.4 
Table 14. (Continued) 
Collec- AK9 0 AfiêJL ASS II 
tion 
period 
Aver­
age 
length 
Moving 
aver­
age 
length 
Half-
month 
incre­
ment 
Aver­
age 
length 
Moving 
aver­
age 
length 
Half-
month 
incre­
ment 
Aver­
age 
length 
Moving 
aver­
age 
length 
Half-
month 
incre­
ment 
1261 , 
June 16-30 — — — — -
(11) 
35 3 49 
(48) 
50 2 
July 1-15 — — -
(32) 
37 2 51 
(23) 
49 1 
July 16-31 20 
(2) 
20 - 40 
(41) 
40 3 
(10) 
50 1 
Aug. 1-15 — — — - 42 
(87) 
42 2 !?) 51 1 
Aug. 16-31 28 
(33) 
28 4 45 
(59) 
45 3 
(23) 
52 1 
Figure 24. Moving average standard lengths and length 
increments of sand shiners collected in the 
Des Moines Hiver, Boone County, Iowa, 1946 
to 1947, and average water levels, water-
level changes and air temperatures 
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Data on the growth of sand shiners in 1946 are 
available from only three collections. However, growth of 
the age I and II fish was occurring as late as November. 
The age 0 fish made no increment in length from October to 
November (Figure 24). The average standard lengths of the 
1946 year class (age 0-1) apparently decreased from November, 
1946, to April, 1947, while that of the 1945 year class 
(age I-II) apparently increased during the same period 
(Figure 24). Growth of the 1945 year class is not likely to 
have started before April, 1947, and the average length of 
the 1946 year class did not actually decrease between 
November and April. Therefore, these over-winter differences 
in average length as well as the apparent decreases in average 
lengths of the age I fish in October and of the age 0 fish in 
November, 1947, were attributed to sampling variation. At 
any rate, these fish probably grew little or none during the 
winter of 1946 and 1947. 
Age 0 fish appeared in mid-August, 1947, and made 
substantial growth increments until late September when 
growth ceased. Although the age I fish made a length 
increment of 2 millimeters in mid-May, 1947, consistent 
length increments did not occur until mid-June (Figure 24). 
Growth of the age I fish apparently stopped after late 
September. The age II fish seemed to start their growth 
earlier than the age I fish; but consistent length increments 
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were not made until after mid-July, and growth decreased 
after early September. The absence of growth of the age II 
fish and the apparently good growth of the age I fish during 
June and July, 1947, will be discussed later. 
The growth record of the age 0 fish during I960 is 
meager because these fish did not appear in the collections 
until early July. However, growth of these fish proceeded 
on to the October collection. The age I and II fish in 
I960 did not grow at all during June and July, showing 
growth increments only after late July (Figure 28). This 
same situation arose with the growth of the age II fish in 
1947. 
The age I fish in May, 1961, were exactly the same 
average length as the age 0 fish the previous October, while 
the average length of the age II fish in May, 1961, apparently 
decreased during the winter (Figure 25). This, as well as 
the decrease in length of the age II fish in July, 1961, 
was believed due to sampling variation. Little or no over­
winter growth was thought to have occurred. During 1961 
growth increments were made as early as the first half of 
June, or at least one and one-half months earlier than in 
I960 (Figure 25). Growth was fairly rapid through the 
summer with increments in length being made through August. 
Several questions may be asked concerning growth 
differences within and between different years. Why did the 
Figure 25. Moving average total lengths and length 
Increments of sand shiners collected in the 
Des Moines River, Boone County, Iowa, I960 
and 1961, and average water levels, water-
level changes and water temperatures 
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age II fish not grow in June and July, 194?, while the 
growth of the age I fish proceeded? Why did neither the 
age I nor the age II fish in I960 grow during June and July? 
Why did the growth start one and one-half months earlier in 
1961 than in i960? No relationship could be seen between 
these growth differences and differences in temperature. 
Water levels were different in 1947 and i960 than in 
1961. During 1947 and i960 high water levels prevailed 
through June, being very much higher in 1947. The highest 
water level during June and July was 10.4 feet in 1947 and 
2.4 feet in i960. In 1961 the highest water-level during 
June and July was 1.4 feet. In 1947 and I960 good growth 
increments occurred only after the water receded to about 1 
foot, while in 1961 the earlier growth occurred at water-
levels of about 1 foot. Thus it appears that water levels 
may have an influence on the time that growth occurs in any 
one year. High water in early spring could very well depress 
growth, while low water could allow it to proceed. Food 
organisms may be severely reduced by the action of the 
current during high water, thus becoming less available to 
the fish. Starrett (1948) found that the average stomach 
volume of sand shiners during high water in 1947 was only 
8 per cent, as compared to as much as 45 per cent the 
previous summer when water levels were low. If low food 
intake during high water is a general occurrence with sand 
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shiners then the growth should be less at that time. 
The correlation coefficients of increments in length 
with water levels and water-level changes (Table 15) were 
not significantly different from zero at the .05 level. Even 
though these do not indicate a relationship between intra-
seasonal growth and water levels, high water during the late 
spring of 1947 and I960 was thought to have resulted in slow 
sand shiner growth during those years. 
The correlation coefficients of length increments 
and temperatures were not significantly different from zero 
at the .05 level, except for the age I fish in 1947. This 
implies that the period-to-period changes in length of only 
this group of sand shiners were directly related to tempera­
ture. 
Table 15* Correlation of length increments of sand shiners with water levels, 
water-level changes and water temperatures, Des Moines River, Boone 
County, Iowa, 1947, I960 and 1961 
Y X ryx 
Age 0 Age I Age II 
1947 
Standard length increment Water level -.039 .196 .436 
Standard length increment Water-level change —. 640 
-.375 -.082 
Standard length increment Air temperature .513 .569* .444 
i?$o 
Total length increment Water level 
-.533 -.538 
Total length increment Water-level change -.231 .145 
Total length increment Water temperature .216 .223 
12&L 
Total length increment Water level .492 .755 
Total length increment Water-level change .316 .062 
Total length increment Water temperature .806 -.748 
^Significantly different from zero at .05 level. 
Ill 
GROWTH OF SPOTFIN SHINERS 
Data on the growth of spotfin shiners in the Des 
Moines River were available from the i960 and 1961 collections 
and from collections made in 1946 and 1947 by William C. 
Starrett. Information from Starrett1s studies was in the 
form of length frequency tables in the files of the Iowa 
Cooperative Fisheries Research Unit. 
Starrett (1948) found that the spotfin shiner lives 
to be five years old in the Des Moines River, but age V fish 
were not abundant in either 1946 or 1947• Length-frequency 
histograms (Figures 26, 27 and 28) indicated that the growth 
of age groups 0, I and II could be traced during each year. 
Other fish appearing in the length-frequency histograms 
probably belonged to ages II, TV or V; but no attempt was 
made to establish length ranges for these fish since they 
did not regularly appear in the collections, and several 
ages were potentially represented in each mode. The 
histograms for 1946 and 1947 (Figures 26 and 27) represent 
the percentage of the total number of fish plotted against 
2 millimeter length intervals, while the histograms for i960 
and 1961 (Figure 28) indicate the total number of fish 
plotted against 1 millimeter length intervals. Standard 
length was used in the 1946 and 1947 collections, and total 
length was used in I960 and 1961. The average lengths of 
Figure 26. Length-frequency histograms of spotfin 
shiners collected in the Des Moines 
River, Boone County, Iowa, 1946 
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Figure 27. Length-frequency histograms of spotfin 
1 shiners collected in the Des Moines 
River, Boone County, Iowa, 1947 
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Figure 28. Length-frequency histograms of spotfin 
shiners collected in the Des Moines River, 
Boone County, Iowa, I960 and 1961 
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each age group (Tables 16, 17 and 18) were determined from 
the length-frequency tables from which the histograms were 
constructed. Moving average lengths and length increments 
were employed to smooth the curves of average lengths and 
length increments. In some 1946 and 1947 collections the 
numbers of fish in certain size intervals were so small that 
percentages of the total number could not be indicated on 
the histograms. 
The spotfin, like the sand shiner, depends on low 
water levels in late July and August for successful spawning 
in the Des Moines River (Starrett, 1948). In 1946 large 
numbers of age 0 fish appeared in the collections in mid-
August (Figure 26). A few age 0 fish also appeared in mid-
August, 1947, but large numbers were not collected until 
about September 1 (Figure 27). Since the sizes of the mid-
August samples in both years were comparable (Tables 16 and 
17), it appears that spotfin shiner spawned about 2 weeks 
earlier in 1946 than in 1947, It is thought that the earlier 
spawning in 1946 was due to the low mid-July water level, 
which was 1.9 feet lower than that in 1947 (Figures 29 and 
30). 
After appearing in the collections in mid-August, 
1946, the age 0 fish made length increments through mid-
October (Figure 29). However, the October increment was 
less than that of September, and no growth was recorded in 
Table 16. Collection periods, numbers, average standard lengths (millimeters), 
moving average lengths and length increments of spotfin shiners, 
Des Moines River, Boone County, Iowa, 1946 (Number of fish in 
parentheses) 
Collec­ Acre 0 A ce I Afire II 
tion 
period 
Aver­
age 
length 
Moving 
aver­
age 
length 
Half-
month 
incre­
ment 
Aver­
age 
length 
Moving 
aver­
age 
length 
Half-
month 
incre­
ment 
Aver­
age 
length 
Moving 
aver­
age 
length 
Half-
month 
incre­
ment 
1£ 
June 16-
June 24 
34 49 
(67) 
49 
June 27-
July 10 (116) 
36 2 49 
(56) 
51 2 
July 11-
July 26 (204) 
37 1 56 
(20) 
55 4 
July 27-
Aug. 6 (2^4) 
40 3 60 
(7) 
60 5 
Aug. 7-
Aug. 19 
18 
(93) 
18 43 
(90) 
43 3 64 
(1) 
64 4 
Sept. 17-
Sept. 28 
27 
(161) 
26 5 47 
(63) 
47 3 
Oct. 19 34 
(127) 
31 2 50 
(74) 
50 2 
Nov. 2-
Nov. 26 
31 
(102) 
31 0 52 
(48) 
52 1 
Table 17. Collection periods, numbers, average standard lengths (millimeters), 
moving average lengths and length increments of spotfin shiners, 
Des Moines Hiver, Boone County, Iowa, 1947 (Number of fish in 
parentheses) 
Collec­ Afire 0 Aare I Acre II 
tion Aver-
period age 
length. 
Moving 
aver­
age 
length 
Half-
month 
incre­
ment 
Aver­
age 
length 
Moving 
aver­
age 
length 
Half-
month 
incre­
ment 
Aver­
age 
length 
Moving 
aver­
age 
length 
Half-
month 
incre 
ment 
March 28-
April 12 
25 
(495) 
25 
(3) 
54 
April 13-
April 27 
24 
(291) 
25 0 48 
(4) 
51 -4 
April 28-
May 11 
27 
(467) 
26 1 52 
(18) 
50 -1 
May 12-
May 25 
28 
(726) 
26 0 50 
(48) 
53 3 
May 26-
June 9 
24 
(795) 
26 0 57 
(10) 
57 4 
June 10-
June 24 
26 
(640) 
27 1 
June 25-
July 10 
30 
(675) 
30 3 
July 11-
July 25 
34 
(1489) 
32 2 
Table 17• (Continued) 
Collec­ Acre 0 Acre I Aéré II 
tion 
period 
Aver­
age 
length 
Moving 
aver­
age 
length 
Half-
month 
incre­
ment 
Aver­
age 
length 
Moving 
aver­
age 
length 
Half-
month 
incre­
ment 
Aver­
age 
length 
Moving 
aver­
age 
length 
Half-
month 
incre­
ment 
July 26-
Aug. 10 
32 
(713) 
33 3 
Aug. 11-
Aug. 25 (3) 
17 32 
(310) 
33 0 
Aug. 26-
Sept. 9 
16 
(28) 
18 1 
, 35 x (301) 
34 1 
Sept. 10-
Sept. 24 
22 
(271) 
21 3 36 
(597) 
36 2 
Sept. 25-
Oct. 7 
24 
(38) 
23 2 36 
(52) 
38 2 
Oct. 8-
Oct. 22 
22 
(108) 
23 0 41 
(122) 
38 0 
Nov. 21 23 
(762) 
23 0 , 37 x (180) 
37 -0.4 
Table 18. Collection periods, numbers, average total lengths (millimeters), 
moving average lengths and length increments of spotfin shiners, 
Des Moines River, Boone County, Iowa, i960 and 1961 (Number of 
fish in parentheses) 
Collec­ Aere 0 Afire I  Afire II  
tion 
period 
Aver-
age 
length 
Moving 
aver­
age 
length 
Half-
month 
incre­
ment 
Aver­
age 
length 
Moving 
aver­
age 
length 
Half-
month 
incre­
ment 
Aver­
age 
length 
Moving 
aver­
age 
length 
Half-
month 
incre­
ment 
1252 , 
June 16-
June 30 
44 
(6) 
44 58 
(43) 
58 
July 1-
July 15 
38 
(304) 
41 -1 56 (58)  57 
-1 
July 16-
July 31 
40 
(85) 
41 0 (17)  59 2 
August 44 
(330)  45 
4 
193) 
63 4 
October 27 
(130) 
50 
(22) 
50 1 
12S1 
June 1-
June 15 (74) 
34 
(27) 
57 
June 16-
June 30 (11, 
37 3 
(16) 
57 0 
July 1- 42 41 4 58 59 2 
July 15 (34) 
Table 18. (Continued) 
Collec­ Ae-e 0 Acre I Aéré II 
tion Aver­ Moving Half- Aver­ Moving Half- Aver­ Moving Half-
period age aver­ month age aver­ month age aver­ month 
length age incre­ length age incre­ length age incre­
length ment length ment length ment 
July 16- 45 43 2 61 62 3 
July 30 (79) (6) 
August 26 _ 42 42 -1 66 66 3 
(23) (27) (5) 
Figure 29. Moving average standard lengths and length 
increments of spotfin shiners collected in 
the Des Moines River, Boone County, Iowa, 
1946, and average water levels, water-level 
changes and air temperatures 
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Figure 30. Moving average standard lengths and length 
increments of spotfin shiners collected in 
the Des Moines River, Boone County, Iowa, 
1947, and average water levels, water-
level changes and air temperatures 
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November. Age I fish made substantial length increments 
from the first collection in June through September, with 
the growth declining during October and November. The 
growth of the age II fish could only be followed from June 
through mid-August, 1946, since this age group did not 
appear in the late summer and fall collections. However, 
age II fish were making length increments until their 
disappearance from the collections. 
In 1947 age 0 spotfin shiners appeared in the 
collections in mid-August and made increasing length 
increments through September, after which the growth 
declined (Figure 30). Age I spotfin shiners in 1947 
apparently suffered a 6 millimeter decrease in length during 
the winter of 1946-1947 (Figures 29 and 3°)* The length 
of the age 0 fish in November, 1946, was 31 millimeters 
while the length of the age I fish in April, 1947» was 25 
millimeters; the decrease was not overcome until July, 1947• 
This apparent decrease in length was thought to be an 
extreme case of sampling variation. The early 1947 samples 
contained large numbers of small fish that were not repre­
sented in collections the previous fall. Net selectivity 
may have caused the collection of the larger fish in 1946 
and the smaller fish in 1947, though Starrett (1948) never 
indicated that this might have occurred. 
Age II fish in 1947 started the year at about the 
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same average length as the age I fish in November, 1946. 
However, sampling variation resulted in an apparent decrease 
in length of these fish during late April and early May; 
positive length increments were not noted until mid-May and 
early June. Data on the growth of age II fish after June, 
1947, were unavailable since these fish were not represented 
in the collections past that time. Although age II fish 
showed positive growth increments in mid-May, 1947, or about 
1-5 months earlier than the age I fish, it is not possible 
to determine from these data if growth that early in the 
season was unusual. 
Spotfin shiner growth was apparently greater in 1946 
than in 194?• The average length of the age 0 fish in 
November, 1947, was 8 millimeters less than that of the age 
0 fish in November, 1946. Similarly the November average 
length of the age I fish was 5 millimeters less in 1947 
than in 1946. Furthermore, the overall seasonal length 
increment for the age I fish in 1946 and 1947 was 18 and 13 
millimeters, respectively, while that of the age 0 fish in 
the two years was 12 and 6 millimeters, respectively. 
Period-to-period length increments for age I fish in 1946 
and 1947 indicate that these fish did not show as regular 
growth in 1947 as in 1946. 
A similar situation was found with the growth of 
sand shiners in which growth started later in 1947 and I960 
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than In 1961. Lateness of growth was thought to be due to a 
reduced food Intake brought about by high water in 19^7 and 
I960. The same reasoning can be applied to the apparently 
poorer spotfin shiner growth in 1947 compared to that of 1946. 
Starrett (1948) found that spotfin shiners had stomach volumes 
which were 14 per cent during high water periods in 1947, 
compared to as much as 26 per cent during the previous 
summer. High water might have made food organisms less 
available to the fish during the later year. In 19^7 growth 
of age I spotfin shiners decreased to zero In mid-August, 
following high water in July. If high July water levels 
resulted in a decrease in available food, then the increased 
growth of the age I fish in September, 1947, could very well 
have been the result of an increased food Intake after the re-
establishment of food organisms. 
Growth differences between 1946 and 19^7 did not seem 
to be related to temperatures, since air temperatures were 
roughly comparable in the two years (Figures 29 and 30), 
with the early June and July temperatures being somewhat 
higher in 1946 than in 1947. 
Spotfin shiner growth data were meager in I960 and 
1961 compared to those in 1946 and 1947. No growth data 
were secured before June in either I960 or 1961, and late 
fall collections were made only in I960. 
Age 0 fish were collected in October, I960, and In 
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August, 1961 (Figure 28). However, the small sample sizes 
in late summer of both years (Table 18) make a comparison of 
spawning dates difficult. 
Positive length increments of the age I and II fish 
were noted in mid-June and July, 1961, or about 1 month 
earlier than in i960 (Figure 31)* Water temperatures were 
about the same in July during both years, but June water 
levels were higher in I960 than in 1961. These high water 
levels could have suppressed the early June, I960, growth 
by reducing the availability of food organisms. 
Although growth differences between years and the 
time that growth began in any one year appeared to be 
related to water levels, the correlation coefficients of 
length increments with water levels and water-level changes 
(Table 19) were not significantly different from zero at the 
.05 level, indicating that these data were not sufficient to 
show any relationships between the seasonal growth of spot­
fin shiners and either water levels or water-level changes. 
However, it was felt that in 194? high water was responsible 
for the decline in growth of the age I fish in mid-August, 
even though the seasonal growth was not correlated to either 
water levels or water-level changes. 
Correlation coefficients of length increments with 
temperature (Table 19) also were not significantly different 
from zero except in one case. The correlation coefficient 
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of the age I fish in 194? was significant, implying that 
intra-seasonal growth was correlated to air temperatures. 
It was pointed out earlier that air temperatures probably 
did not account for the growth differences of the age I 
fish between 1946 and 194-7» but a comparison of the length 
increments and air temperature curves in 1947 (Figure 3°) 
indicated that length increments and air temperatures follow 
one another fairly closely during that year. This may well 
be due to interaction with water levels. 
Figure 31. Moving average total lengths and length 
increments of spotfin shiners collected 
in the Des Moines Hiver, Boone County, 
Iowa, I960 and 1961, and average water 
levels, water-level changes and water 
temperatures 
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Table 19» Correlation of length increments of spotfin shiners with water levels, 
water-level changes and temperatures, Des Moines River, Boone County, 
Iowa, 1946, 1947, I960 and 1961 
X 
Age 0 
.. yx 
Age I Age II 
ISM 
Standard length increment 
Standard length increment 
Standard length increment 
Standard length increment 
Standard length increment 
Standard length increment 
1260 
Total length increment 
Total length increment 
Total length increment 
1261 
Total length increment 
Total length increment 
Total length increment 
Water level 
Water-level change 
Air temperature 
Water level 
Water-level change 
Air temperature 
Water level 
Water-level change 
Water temperature 
Water level 
Water-level change 
Water temperature 
.066 
-.310 
• 391 
,262 
,096 
,596 
, 324  
,128 
593* 
.634 
.688 
.482 
,138 
,667 
,118 
,860 
.862 
,548 
.728 
.054 
.937 
.607 
.462 
.916 
.764 
.492 
.313 
•Significant at .05 level 
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GROWTH OF BIGMOUTH SHINERS 
Length-frequency histograms (Figure 32) suggested 
that the growth of age groups 0, I, II and III of bigmouth 
shiners in the Des Moines River could be traced during i960 
and 1961. The histograms represent the number of fish in 
each collection period during i960 and 1961 plotted against 
1 millimeter length intervals. It was not expected that age 
III fish should be so abundant in i960 and 1961 since Starrett 
(1948) indicated that two-year-olds were the most abundant 
age group of bigmouth shiners during 1946 and 194?• However, 
Starrett did not give any indication that age III fish should 
not occur. Wenke (i960) found in Michigan that this species 
lived as long as four years. 
Average total lengths for each age group during the 
several collection periods in I960 and 1961 (Table 20) were 
determ: . d from the histograms. Moving averages of threes 
were emx iyed where possible to smooth the curves of total 
lengths and length increments. 
The bigmouth shiner also depends on low water during 
the summer for successful spawning in the Des Moines River 
(Starrett, 1948). The data suggest that spawning occurred 
earlier in 1961 than I960. In i960 one fish collected in 
early August was the only age 0 bigmouth shiner found that 
year. However, the i960 year class was fairly abundant 
Figure 32. Length-frequency histograms of bigmouth 
shiners collected in the Des Moines River, 
Boone County, Iowa, i960 and 1961 
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Table 20. Collection periods, numbers, average total lengths (millimeters), 
moving average lengths and length increments of bigmouth shiners, 
Des Moines River, Boone County, Iowa, I960 and 1961 (Number of 
fish in parentheses) 
Collection Age 0 
period Average 
length 
Average 
length 
Moving 
average 
length 
Half-month 
increment 
1260 
June Id-30 30 (39) 30 
July 1-15 33 (18) 33 3 
July 16-31 37 (20) 36 3 
August 1-15 38 (4) 37 1 
October 37 (7) 37 0 
1961 
May 26 (48) 26 
June 1-15 36 (37) 33 5 
June 16-30 37 (35) 39 6 
July 1-15 43 (44) 41 2 
July 16-31 30 (6) 43 (16) 43 2 
August 32 (15) 44 (28) 44 0.7 
H 
V) 
Table 20. (Continued) 
Collection Age II Age III 
period Average 
length 
Moving 
average 
length 
Half-
month 
incre­
ment 
Average 
length 
Moving 
average 
length 
Half-
month 
incre­
ment 
1260 
June 16-30 42 (24?) 42 52 (173) 52 
July 1-15 42 (60) 42 0 52 (30) 52 0 
July 16-31 42 (40) 44 2 52 (33) 53 . 1 
August 1-15 47 (6) 46 2 54 (4) 55 2 
October 49 (10) 47 0.2 58 (4) 58 0.7 
12£L 
May 42 (84) 42 53 (23) 53 
June 1-15 44 (25) 44 1 55 (44) 54 0.7 
June 16-30 46 (13) 48 4 54 (16) 57 3 
July 1-15 54 (102) 52 4 63 (6) 63 5 
July 16-31 55 (27) 55 3 
August 44 (28) 44 0.7 
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during the spring of 1961. In 1961 age 0 fish were collected 
in early July, or at least one month earlier than in i960, 
and it was possible to follow their growth through late July 
and August (Figure 32). The age 0 fish in i960 and 1961 were 
26 millimeters in total length when first collected in August 
and July, respectively. It seems logical to assume that in 
each year these fish were probably spawned about one month 
before they were collected for the first time, or around 
July, i960, and June, 1961. It is thought that the later 
spawning in i960 was due to high water levels in June of that 
year. The water level in early June, I960, was 2.4 feet, and 
spawning evidently occurred only after the water level had 
dropped to 1.1 feet in early July. The apparent earlier, 
spawning in June, 1961, occurred at a water level of about 
1.4 feet. 
The spawning in June, 1961, was also earlier than that 
reported for the bigmouth shiner in 1946 and 194? by Starrett 
(1948), who thought that these fish spawned in late July and 
August of those years. The average June water-level in 1946 
was 1.4 feet higher than that in 1961. In 1947 the average 
June water-level was 6.1 feet higher than in June, 1961. 
Water levels in 1946 and 1947 did not recede to about 1 foot 
until late July and August, at which time spawning occurred. 
No growth data on the bigmouth shiner were available 
before late June, I960, and May, 1961. The data in I960 
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extended into October, while in 1961 data were available 
only through August. Age I fish in I960 were growing in 
early June, or 2 weeks before the growth of age II and III 
fish started (Figure 33)» Growth of the age I fish declined 
after July, while that of the age II and III fish declined 
after early August. 
In 1961 age 0 fish made a length increment of 3 
millimeters in August. The age I, II, and III fish made 
length increments in early June. However, the age I incre­
ments declined after late June, with the age II increments 
declining after early July. Age I fish did not grow at all 
in August, while age II fish grew very slowly. Data from 
both i960 and 1961 indicate that late summer growth of age I 
and II fish was very slow. Slow, late summer growth of age 
III fish was also indicated by the data in i960. It is thought 
that slow growth in late summer could have been caused by 
crowding of the fish when water levels were low. Since only 
one age III fish was collected in late July,.1961, it was 
not possible to follow the growth of this age group past 
early July of that year. However, the available data 
indicate that age III fish in 1961 were growing at the time 
of their disappearance from the collections. 
Growth of bigmouth shiners in 1961 was apparently 
greater than in I960. In late June, 1961, the average 
lengths of the age I and II fish had surpassed the lengths 
I 
Figure 33. Moving average lengths and length increments 
of bigmouth shiners collected in the Des 
Moines River, Boone County, Iowa, I960 and 
1961, and average water levels, average 
water-level changes and water temperatures 
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attained by the age I and II fish in October, i960 (Figure 
33)« Age III fish in 1961 were larger in late July than 
those during the previous October. A comparison of the 
growth of age I and II fish in late June through August of 
I960 and 1961 (Figure 33) reveals that the amount of growth 
was similar in both years during this period. Age III fish 
in 1961 grew 6 millimeters more than those in i960 during 
late June through early July. It appears from these data 
that equivalent age fish in 1961 grew to a larger size than 
those in i960, possibly because of differences in the growth 
during the spring, rather than in the summer. However, since 
no data were available during the spring of i960, it was 
impossible to make direct comparisons of early spring growth 
in i960 and 1961. 
Starrett (1948) found that the average stomach 
volume of bigmouth shiners was 7 per cent during high water 
in the spring of 1946 and 5 per cent during high water in 
the spring of 1947, compared to as much as 15 per cent 
during low water in the summer of 1946. It is thought that 
lower growth in i960 could have been due to a reduction in 
available fish-food organisms, which could have been caused 
by the high water levels during the spring. 
It was thought that the poor growth in I960, com­
pared to 1961, was not due to temperature. Early spring water 
temperatures were not available for comparison in i960 and 
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1961. However, May and June air temperatures were very 
similar in both years. 
Correlations of length increments with water levels, 
water-level changes and water temperatures were not conducted 
for the I960 data because not enough observations were avail­
able. Age I increments seemed to follow the average water 
levels fairly closely (Figure 33)» but the increments for ages 
I and II did not seem to be related to water levels. Period-
to-period length increments of each age group seemed to be 
unrelated to water-level changes. Age I increments did not 
seem to be related to water temperatures, though the 
increments of ages II and III seemed to follow water temper­
atures fairly closely. However, the correlation coefficients 
of length increments of the age I and II fish in 1961 with 
water levels, water-level changes, and water temperatures 
(Table 21) were not significantly different from zero at the 
.05 level. 
Although these data did not indicate that seasonal 
growth of bigmouth shiners was significantly correlated with 
water levels or water-level changes, the late growth of the 
age II and III fish and the poor annual growth of age I, 
II and III fish in i960 appeared to be related to high spring 
water-levels. 
14? 
Table 21. Correlation of length increments of bigmouth 
shiners with water levels, water-level changes 
and water temperatures, Des Moines River, 
Boone County, Iowa, 1961 
Y X r yx 
Age I Age II 
Total length increment Water level .812 -.283 
Total length increment Water-level change -.172 -.704 
Total length increment Water temperature -.635 .728 
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GROWTH OF BLUNTNOSE MINNOWS 
Data on the growth of the bluntnose minnows collected 
in the Des Moines River in I960 and 1961 indicated that the 
growth of age groups 0, I and II could be followed. The 
length ranges of each of these age groups (Figure ]4) roughly 
agree with those given for this species by Carlander (1953) 
at corresponding ages. Age III was the oldest age group of 
bluntnose minnows reported by Carlander (1953), and fish 
belonging to this age group were also thought to be present 
in the i960 and 1961 collections although they appeared 
infrequently. 
Average total lengths (Table 22) were calculated 
from the length-frequency histograms (Figure 3*0 • In I960 
the data extended from late June through October, while in 
1961 data were collected from May through August. 
Bluntnose minnows are intermittent spawners in the 
Des Moines River. They are capable of spawning throughout 
June, July and August, but the spawning is more successful 
during late July and August when water levels are low 
(Starrett, 1948). The data collected in i960 and 1961 
indicated that bluntnose minnows probably started spawning 
in June. Young-of-the-year fish in i960 were collected for 
the first time in early July, while the earliest collection 
date of age 0 fish in 1961 was in late July (Figure 34). 
Figure 34. Length-frequency histograms of bluntnose 
minnows, collected in the Des Moines 
River, Boone County, Iowa, I960 
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Figure 34. (Continued) 
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Table 22. Collection periods, numbers, average total lengths (millimeters), 
moving average lengths and length increments of bluntnose minnows, 
Des Moines Hiver, Boone County, Iowa, I960 and 1961 (Number of 
fish in parentheses) 
Collec­
tion 
period 
Age 0 
Aver- Moving Half-
age aver- month 
length age incre-
length ment 
As? I 
Aver- Moving Half-
age aver- month 
length age incre-
length ment 
Ass n 
Aver- Moving Half-
age aver- month 
length age incre-
length ment 
mo. 
June 1- 38 38 54 54 
June 15 (95) (19) 
June 16- 39 39 1 54 55 1 
June 30 (306) (53) 
July 1- 40 39 0 57 55 0 
July 15 (299) (78) 
July 16- 39 40 1 55 57 2 
July 30 (579) (119) 
Aug. 1- 21 42 43 3 60 60 3 
Aug. 15 (9) (82) (3) 
October .28 2 48 48 1 65 65 1 
(212) (25) (19) 
1961 
May 29 29 50 50 
( 8 0 )  ( 3 0 )  
June 1- 37 34 3 55 53 2 
June 15 (44) (17) 
Table 22. (Continued) 
Collec- Ase 0 As&JL AK9 IX 
tion 
period 
Aver­
age 
length 
Moving 
aver­
age 
length 
Half-
month 
incre­
ment 
Aver­
age 
length 
Moving 
aver­
age 
length 
Half-
month 
incre­
ment 
Aver­
age 
length 
Moving 
aver­
age 
length 
Half-
month 
incre­
ment 
June 16-
June 30 ( 5 6 )  38 
4 54 1 
July 1-
July 15 
41 
(48) 
40 2 
<â ,  
55 1 
July l6-
July 31 
24 
(270) 
43 
(44) 
43 3 
(8) 
57 2 
Aug. 1-
Aug. 15 
46 
(86) 
46 3 61 
(6) 
61 4 
Aug. l6-
Aug. 31 
30 
(58) 
3 49 
( 32 )  
49 3 
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Since the numbers of age 0 fish collected during July of 
both years were small, it was difficult to make a comparison 
of spawning dates. 
Although age 0 fish in i960 were collected in both 
early and late July, no average lengths during these periods 
were calculated, since only two fish were present in each 
case. The average lengths of the age 0 fish (Figure 35) 
were identical except for the late July increments which 
were different by only 1 millimeter. It appears from these 
data that although age I and II fish in i960 made a length 
increment of 1 millimeter in early June, they did not grow 
in late June and early July. Good length increments were 
noted during late July through October, although the October 
increment was less than that of August. 
In 1961 growth data of age 0 fish (Figure 35) were 
based on late July and late August collections. Since only 
two age 0 fish were collected in early August, 1961, these 
were not included in the average lengths. Age 0 fish, 
however, were growing in late August. Growth of the age I 
and II fish in 1961 was occurring in early June, and consist­
ent length increments were made through August. 
These data indicate that growth started earlier and 
was greater in 1961 than in i960. By August, 1961, the 
average lengths of the age 0 and I fish had surpassed the 
average lengths of the same age fish during October, I960. 
Figure 35* Moving average total lengths and length 
increments of bluntnose minnows collected 
in the Des Moines River, Boone County, 
Iowa, I960 and 1961, and average water 
levels, water-level changes and water 
temperatures 
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Age II fish in August, 1961, had a larger average length 
than age II fish during the previous August. Age I fish 
grew 12 millimeters between early June and early July, 1961, 
compared with 5 millimeters during the same period in I960. 
Age II fish grew 8 millimeters between early June and early 
July, 1961, compared with 6 millimeters during the same 
period in i960. 
Starrett (1948) found that the average stomach 
volume of bluntnose minnows during high-water periods in 
1947 was 13 per cent, compared with as much as 58 per cent 
during low water in the previous summer. Since water levels 
were about 1 foot higher in early June, I960, than in early 
June, 1961 (Figure 35)> it is thought that this could have 
resulted in a reduction of available fish food, causing the 
late and poor growth during i960. 
Correlation coefficients of length increments of 
bluntnose minnows with water levels, water-level changes 
and water temperatures during i960 and 1961 (Table 23) 
were not significantly different from zero at the .05 level. 
However, significance was approached by the correlation 
coefficient of length increments of age I fish in 1961 with 
water-levels and that of the length increments of the age II 
fish in 1961 with water-level changes. It may be observed 
(Figure 35) that the curves of age I length increments and 
water levels and the curves of age II length increments and 
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water-level changes during 1961 follow one another fairly 
well. 
Table 23. Correlation of length increments of bluntnose minnows with water 
levels, water-level changes and water temperatures, Des Moines 
River, Boone County, Iowa, I960 and 1961 
Year Y X 
Age I 
ryx 
Age II 
I960 Total length increment Water level -.389 -.454 
Total length increment Water--level change .282 .497 
Total length increment Water temperature .223 .372 
1961 Total length increment Water level • 791 .209 
Total length increment Water-•level change .286 .856 
Total length increment Water temperature -.331 .066 
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BENTHOS 
Bottom samples taken in the Des Moines River during 
I960 and 1961 probably were not sufficient to indicate 
qualitative or quantitative seasonal changes in the benthos. 
On each sampling date four Petersen square-foot dredge-hauls 
were used to sample sand and mud bottoms, and four Surber 
square-foot samples were used to sample rubble-boulder 
bottoms. Gaufin ^  g&l. (1956) indicated that 10 to 15 per 
cent of the benthie species present will not be discovered 
unless at least eight samples are taken. A list of the 
different macro-invertebrates collected in I960 and 1961 is 
given in Table 24. 
The three main bottom types—sand, mud and rubble-
boulder—differed in the kinds and numbers of benthos 
produced. Tarzwell (1958) said that sand, silt, and mud 
bottoms are less productive than gravel, rubble, or rubble-
boulder bottoms. Tarzwell found that stream bottoms of 
shifting, fine material are especially barren of macro-
invertebrates, but riffles in glaciated streams produce more 
organisms per unit area because of stable substrate and great 
area for hiding. Bailey and Harrison (1948) thought that 
fish food production in the Des Moines River was highest in 
protected areas, masses of debris and on riffles, and that 
long, straight stretches of river with even depth and a 
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Table 24. Macro-invertebrates collected in bottom samples 
from the Des Moines River, Boone County, Iowa, 
I960 and 1961 
Aschelminthes 
Nematoda 
Annelida 
Oligochaeta 
Arbhropoda 
Insecta 
Odonata 
Gomphidae 
Bphemeroptera 
Ephemeridae 
fptamantlws sp. 
Hexagenia sp. 
Bphsrpq sp. 
Baetidae 
Isonvchia sp. 
Baetiscidae 
Caenidae 
CaenIs sp. 
Heptageniidae 
Stenonema sp. 
Other Heptageniidae 
Plecoptera 
Perlidae 
Hemiptera 
Notonectidae 
Trichoptera 
Hydropsychidae 
Diptera 
Chironomidae 
Ceratopogonidae 
Other larvae 
Other pupae 
Coleoptera 
Elmidae 
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sandy bottom failed to meet the requirements of adequate 
food production for channel catfish. 
Sand bottoms in the Des Moines Biver occupied the 
majority of the channel and were the least productive of the 
three bottom types. No organisms were found in one-half of 
the sand bottom samples, and less than one organism per 
square foot was found in the other one-half of the samples 
(Table 25). Oligochaeta, Odonata and Ephemeroptera naiads, 
and Diptera larvae were found in the sand bottoms, but none 
of these occurred consistently. It was not possible from 
these data to determine if changes in the sand bottom fauna 
occurred in relation to water-level fluctuations. 
'.V 
Mud bottoms were seemingly more productive than 
sand bottoms. Mud bottoms are few in the Des Moines River, 
mainly found along shore in quiet waters where the current 
is reduced. The predominant benthie organisms in the sand 
bottom type were found to be Chironomidae larvae (Table 26). 
Other organisms such as Ephemeroptera naiads, Notonectidae, 
Trichoptera larvae and Ceratopogonidae larvae were infre­
quently found. 
The data in 1961 suggest a trend of increasing 
numbers of benthos per square foot in the mud bottom type 
during June and July. Water levels fell about 1 foot during 
June, but remained fairly steady during July. Perhaps the 
increased benthos occurred as a result of migration from the 
Table 25. Estimated numbers of macro-invertebrates per square foot, and 
percentage of the total number of organisms collected, sand bottom 
type, Des Moines River, Boone County, Iowa, i960 and 1961 (Results 
based on four Petersen dredge hauls per date. Percentage of the 
total number in parentheses) 
Organism Date and station number 
1960 1961 
June 6 
II 12 
June 
II 
6 
13 
July 8 
II 1 
July 28 
II 15 
June 7 
II 12 
July 5 
II 12 
July 24 
II 12 
Sept. 27 
II 12 
Oligochaeta .25 
(33) 
Gomphidae .25 
(33) 
Potamanthus sn. 
(20) 
Enheron SD. 
Chironomidae 
Ceratopogonidae 
Other Diptera 
larvae 
.25 
(33) 
iio3> 
.25 
(50) 
• 50 
(67) 
.25 
(33) 
Other Diptera 
pupae 
.25 
(50) 
Total number 0 0 3 10 2 0 3 0 
Estimated no. 
per square ft. 0 0 
-75  . 66 .50 0 • 75 0 
Table 26. Estimated numbers of macro-Invertebrates per square foot, and 
percentage of the total number of organisms collected, mud bottom 
type, Des Moines Hiver, Boone County, Iowa, i960 and 1961 (Results 
based on four Petersen dredge hauls per date. Percentage of the 
total number in parentheses) 
Organism Date and station number 
1960 1961 
June 6 July 8 June 7 July 5 July 24 
Potamanthus sr>. .50 
(40) 
Hexaeenia so. 
"(2) 
Other Ephemeridae 
naiads "(2) 
Notonectidae 
Hy dropsy chi dae .50 
(40) 
'(4) 
Chironomidae 1.0 
(44) b 
• 25 
(10) (9^) 
Ceratopogonidae 1.25 
(56] 
Total number 9 0 5 2? 55 
Estimated no. 
per square ft. 2.25 0 1.25 6.75 13.75 
Table 27. Estimated numbers of macro-invertebrates per square foot, and 
percentage of the total number of organisms collected, rubble-
boulder bottom type, Des Moines River, Boone County, Iowa, 1961 
(September and October results based on four Surber square-foot 
samples per date. Percentage of the total number in parentheses) 
Organism Date and station number _ 
June 15July 5July 24Sept. 27Oct. 26 
#8 #11 #11 #11 #11 
Potamanthus sp. (28) (25) (?) 20 .50 
(10) (33) 
Euheron sp. (28) (2) 
Isonvchia sp. (28) (2) 
Baetiscidae .25 
(17) 
Caenis sp. (2) (5) .2| 
Stenonema sp. 7.25 
Heptageniidae (33) (70) 
(I] 
<3§1 
Perlidae (7) (5) .50 ( 2 )  
Hydropsychidae (23) (12) .75 .25 
' U 
Chironomidae (14) (2) 9.25 .25 
>)  
(4) (17) 
(46 (17) 
Table 27• (Continued) 
Organism Date and station number 
June 15 July 5 July 24Sept.27Oct. 26 
#8 #11 #11 #11 #11 
Other Diptera larvae 
Elmidae (5) 
ul 
.25 
(17) 
Total number 7 127 43 81 6 
Estimated no. 
per square foot 
— — — 
— — — 
— — — 20.25 1.50 
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areas exposed by falling water levels. 
Mud bottom areas are probably all scoured during 
flood stages or are covered with additional silt, so these 
areas are probably available only during fairly stable water 
conditions. 
Bubble-boulder areas were probably the most productive 
of the three bottom types studied in the Des Moines. The 
results of sampling in the rubble areas (Table 27) indicated 
a wide variety of benthic invertebrates. However, during 
June and July, 1961, no organisms were collected in the four 
Surber samples on each sampling date. The presence of organ­
isms under the larger rocks was verified by examination, but 
there seem to be very few under the gravel-sized rocks in 
the areas sampled with the Surber sampler. The results 
during June and July, 1961, are composed of a sample of the 
organisms picked from 10 to 15 large rocks. 
Surber sampling in September, 1961, yielded an 
estimated 20.25 organisms per square foot, while in October, 
1961, only I.50 organisms were found per square foot. The 
estimated September, 1961, population of 20.25 organisms per 
square foot was higher than the numbers per square foot in 
the sand and mud bottom types. Ephemeroptera and Plecoptera 
naiads and Trichoptera and Chironoraidae larvae occurred most 
frequently in the 1961 collections (Table 27). Elmidae were 
collected only once. 
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Bubble areas are subjected to a wider range of water-
level conditions than are the sand and mud bottom types. 
The sand bottoms sampled in this study occupied the center 
of the channel and were permanently under water. Mud bottoms 
were located along the banks and were fairly steep. Bubble 
areas generally extended from the shore farther out into the 
stream than mud bottoms and were usually quite flat; a water-
level fluctuation of less than 0.5 feet often caused large 
areas to be either flooded or left exposed. During the 
spring when the rubble areas are flooded by high water, the 
rubble-dwelling organisms inhabiting similar areas farther 
out in the stream invade and establish themselves in the 
innundated regions. As soon as the water went down enough 
to permit wading in these areas, numerous immature Ephemerop-
tera, Trichoptera, Plecoptera and Diptera could easily be 
found under the rocks. However, when the rubble areas were 
exposed to the air, large numbers of organisms thereon were 
stranded and soon died. On July 5» 1961, a large, recently 
exposed rubble area at Station 11 was examined. There seemed 
to be as many organisms alive under the exposed rocks as 
there were under nearby water-covered rocks. Near shore 
large numbers of dead organisms were found beneath rocks 
which had dried out. 
When the water rises in mid-summer due to upstream 
floods, the rubble areas are often innundated. A small rise 
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of about 0.3 feet occurred in mid-July, 1961, flooding a 
portion of the formerly dry Station 11 rubble area. On July 
24, 1961, several rocks in the newly flooded area were 
examined, and it was found that a population of Ephemeroptera 
naiads had developed there. Since the rubble-dwelling macro-
invertebrates spread out into newly flooded areas and die 
when the water goes down, frequent increases and decreases 
of the water level would seem to result in a thinning of 
the population. 
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SEASONAL FOOD HABITS 
During i960 and 1961 the food habits of river 
carpsuckers, golden redhorses, carp, channel catfish and 
walleyes in the Des Moines River were studied to determine 
if variations existed in the types and quantities of food 
consumed within and between the two years, with regard to 
/ 
water-level fluctuations. ,The numbers of specimens examined 
were often rather small and the results thus somewhat tenta­
tive. 
River Carpsuckers 
Small river carpsuckers (1.0 to 2.9 inches long) 
examined for food habits during i960 and 1961 fed heavily 
/ 
on diatoms, desmids and green allgae which are very abundant 
in the bottom sediments of the Des Moines (Starrett and 
Patrick, 1952). Carpsuckers over 3.0 inches long also ate 
diatoms, desmids and green algae, but depended more upon 
immature Chironoraidae, and after 6.0 inches upon immature 
Ephemeroptera. Ephemeroptera were not eaten in i960 after 
July, and in 1961 after June. In 1961 chironomids were 
consumed through August. Data on the food habits of river 
carpsuckers over 6.0 inches long were combined, since few 
differences existed in the kinds or amounts of food eaten 
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by these fish. 
Enteron fullness indexes of river carpsuckers (Table 
28 and Figure 36), which measured the seasonal variations in 
amount of food eaten, did not seem to show a direct relation­
ship with water-levels. Decreases in the enteron fullness 
indexes were noted during early August of i960 and 1961. 
However, the average water levels fell during early August, 
I960, and rose in early August, 1961. Between August and 
October the enteron fullness indexes showed an increase in 
I960 and a decrease in 1961. During this period in both 
years the water levels remained low and fairly stable. 
Golden Bedhorses 
The major foods eaten by golden redhorses in the 
Des Moines Biver were immature Ephemeroptera and Chironoraidae, 
and the percentages of the total number of fish that fed on 
these items did not seem to vary much with the time of the 
year. Trichoptera larvae were eaten only during August and 
October, I960, and Plecoptera naiads were eaten only during 
late June and early July, 1961. The time of year that 
immature Trichoptera and Plecoptera were eaten possibly 
indicated the period of availability of these organisms. 
Data on the food habits of fish over 6.0 inches long were 
combined since these fish did not seem to differ in the kinds 
Table 28. Enteron fullness indexes of river carpsuckers and golden redhorses 
collected in the Des Moines Hiver, Boone County, Iowa, i960 and 1961 
(Number of fish upon which fullness index is based, followed by 
number in which food items were identified, in parentheses) 
Collection Species and length range (inches) 
period suver 9an?gu<?Ker _ r?flftpr?e 1. 0 - 2.9 3-0 - 5.9 Over 6.0 3.0 - 5.9 Over ' (5.0 
i960 
June 1-15 
June 16-30 
4. 0 (3,1) 3.8 
4.0 11:11 2.2 1.9 3.0 (2,2) I3:°6 (18,11) (8,5) 
July 1-15 
July 16-31 4. 0 (1,1) 3.0 (7,1) 2.8 (28,6) 
2.5 
2.4 
(8,1) 
(21,1) 
August 1-15 
August 16-31 
3. 5 (2,1) 1.6 
3.0 11:8! 2.2 2.1 (42,11) (14,2) 3.0 (2,2) 2.1 2.5 (6^3)* 
October 4.0 (1,1) 2.9 (19,2) 2.8 (10,3) 
April 
May 3.2 (4,3) 2.9 (8,6) 
3.2 
4.0 Ifti 2.4 3-1 (40,7) (11,0) 
June 1-15 4.0 (9,5) 4.0 (20,12) 4.0 (1,1) 3.6 (7,6) 
July 1-15 
July 16-31 
4. 0 (8,2) 4.0 
4.0 
(29,4) 
(5,4) 3:8 3-5 (2,2) S:J 8:i! 
August 1-15 
October 
3.8 
3.2 
(23,3) 
(10,0) 
3.0 
2.0 !8:t! 3.2 (4,0) 2:^ fâV 
Figure 3 6 .  Enteron fullness indexes of river carpsuckers, 
golden redhorses, carp, channel catfish and 
walleyes, collected in the Des Moines Hiver, 
Boone County, Iowa, i960 and 1961, and average 
water levels 
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or amounts of food eaten. Fish between 3.0 and 5*9 inches 
long seemed to have higher enteron fullness indexes (Table 28 
and Figure 36) than did the larger fish. 
In I960 and 1961 the enteron fullness indexes of 
golden redhorses did not seem to be directly related to water 
levels. During both years water levels were falling in late 
June, but the indexes of the fish over 6.0 inches long 
decreased during late June, I960, and increased during late 
June, 1961. In both i960 and 1961 the indexes of the fish 
over 6.0 inches long increased between August and October 
when water levels were low. In i960 fish between 3*0 and 
5»9 inches long were only collected in early June and late 
August, but an enteron fullness index of three was noted at 
both collections. In 1961 fish between 3-0 and 5»9 inches 
long were not collected after early August. However, the 
indexes of these fish increased with falling water levels 
in May and decreased with falling water levels between 
early June and August. 
The data in Figure 36 indicate that the enteron 
fullness indexes of golden redhorses were higher in 1961 
than in i960. Water levels in 1961 went down to about 1 
foot in May while in i960 water levels did not decrease to 1 
foot until early July. It is thought that the higher river 
stages during June, I960, could have depressed the feeding of 
golden redhorses by reducing the availability of food organisms. 
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Carp 
Data on the food habits of carp over 4.9 inches long 
were combined since the food item eaten did not seem to vary 
with the length of the fish or the time of the year. Seeds, 
bits of vegetation, Ephemeroptera naiads and Chironoraidae 
larvae were eaten fairly consistently during both i960 and 
1961. 
The enteron fullness indexes of carp collected in 
I960 and 1961 (Table 29 and Figure 36) increased during late . 
June and early July when water levels were falling. However, 
during May and early June, 1961, the indexes decreased at a 
time when water levels were falling. Enteron fullness 
indexes and water levels remained fairly stable between 
early August and October, I960. 
Channel Catfish 
Channel catfish over J.O inches long relied heavily 
on immature Ephemeroptera and Chironoraidae as food items. 
However, catfish over 6.0 inches long tended to eat other 
fish more often than did the smaller catfish. Since the food 
habits of the catfish over 6.0 inches long were very similar, 
the data for these fish were combined. The kinds of food 
eaten did not seem to vary a great deal with the time of the 
Table 29» Enteron fullness indexes of oarp, channel catfish and walleyes 
collected in the Des Moines Hiver, Boone County, Iowa, I960 and 
1961 (Number of fish upon which fullness index is based, followed 
by number in which food items were identified, in parentheses) 
Collection Species and length range (inches) . 
period Carp Channel catfish Walleye 
Over 4.9 3.0 - 5.9 Over 6.0 Over 6.1 
12ft 
June 1-15 
June 16-30 
2.6 
2.7 
(10,6) 
(3,2) 
1-5 (2,1) 3.0 
2.0 U:li 2.0 2.0 (1,1) (1,1) 
July 1-15 
July 16-31 
3.0 
2.0 (18?1) 
2.0 
2.0 
(1,1) 
(3,3) 
1-7 
3.2 li:5i 1-3 (3,3) 
August I-15 
August 16-31 
2.5 
2.5 (13»5) 
2.5 
0.5 (4*2) 
1.0 
0.7 
0.0 (3,0) 
October 2.0 (4,0) 2.0 (1,1) 0.5 (2,1) 
1261 
April 
May 
4.0 
3.2 
(1,1) 
(4,4) 3.0 (1,1) 2.0 (1,1) 
June 1-15 
June 16-30 
2.8 
3.0 
(30,18) 
(53,12) 
2.0 
0.0 a3;03i 2.3 
(15,14) 1.0 (9,3) 
July 1-15 
July 16-31 
3.5 (2,2) 2.8 
3.2 (13^12)_ 
1.8 
0.0 
(11,10) 
(5,0) 
2.0 
0.6 
(8,4) 
(12,3 
August 1-15 
August 16-31 
1.0 
4.0 
(4,4) 
(3,3) 
1.8 (16,14) 1.4 
2.0 
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year and water levels, except that mature insects were eaten 
only during June and August of both I960 and 1961. 
Enteron fullness indexes for both the 3.0 to 5*9 
inch fish and the fish over 6.0 inches long fluctuated widely 
during i960 and 1961, and a direct relationship with water 
levels was not evident in either year (Table 29 and Figure 
36). The indexes and water levels were low in August, i960, 
and late June and July, 1961. However, the indexes increased 
between August and October, i960, and in August, 1961, while 
the water remained at a low level. 
Walleyes 
A preliminary examination of walleye food habit data 
collected in I960 and 1961 revealed that walleyes over 6.1 
inches in length fed entirely on other fish, especially 
small cyprinids. Therefore, the data on these fish were 
combined. No data were available on fish smaller than 6.0 
inches in length. 
Walleye enteron fullness indexes during June and 
July were generally higher in i960 than in 1961. The 
indexes decreased to 0.0 in early August, I960, and to 0.6 
in late July, 1961. No data on walleye food habits were 
collected after early August, I960, but in 1961 the indexes 
had increased to 3*° in late August (Table 29 and Figure 36)• 
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Since these data indicate that walleyes will feed during the 
late summer when water levels are low, the generally higher 
indexes in June and July, i960, were thought to not be due 
to the higher water levels in that year. 
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DISCUSSION 
Water-level fluctuations are but one of the factors 
that affect growth of fish in streams (Van Oosten, 1944). 
Food, living space, temperature, heredity, sex, age, para­
sites, dissolved organic and inorganic matter, fertility of 
the bottom and watershed and other variables affect fish 
growth. The present study was conducted to determine the 
growth of fishes in the Des Moines River with particular 
reference to water levels. Water levels affect the abundance 
and availability of food and indirectly affect the growth 
rate of fishes. Food supply is probably the most important 
variable affecting growth of fishes (Brown, 1957)* Some of 
the factors influencing rate of growth are the result of 
effects on feeding and on food requirements. Water levels 
also affect the volume of water or space available to fish. 
Separate effects of temperature and water-level 
fluctuations on growth rates are difficult to distinguish. 
In general, water levels are high at the beginning of the 
growing season and decline through August and September; 
thus temperature increases as water levels drop. To 
separate the effects under natural conditions, we must find 
times in which the fluctuations in water levels and in 
temperatures differ. 
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Effects of Water Levels on Benthos 
It was not possible to demonstrate seasonal changes 
in abundance of benthos in the Des Moines River in relation 
to water-level fluctuations using the data obtained in i960 
and 1961. Such changes do occur, however. Starrett (1948) 
found that the bottom microflora of the Des Moines River was 
scoured during high-water periods. Denham (1938) found that 
Hexagenia sp. naiads were washed from their burrows in con­
junction with abrupt rises in the level of the White River, 
Indiana. Allen (1951) observed that spring floods in 1941 
in the Horokiwi River, New Zealand, reduced the bottom fauna 
as much as 20 to 25 percent of that present in 1940 when 
water levels were more stable. August and September floods 
drastically reduced invertebrate populations of the River 
Towy in Wales (Jones, 1951)• In South Africa benthic 
organisms of the Great Berg River were washed away by April 
floods (Harrison, 1958). Low stream flow during fall and 
winter was accompanied by an abundance of bottom organisms, 
while low numbers of organisms occurred during high stream 
flow in May in Bridger Creek, Montana (Logan, 1963). 
In Utah, Moffett (1936) found that high stream flow 
reduced productivity of streams. Tarzwell (1938) concluded 
that floods and subsequent erosion were the most important 
limiting factors in productivity of Southwestern streams. 
183 
Effects of Water Levels on Plankton 
Hiver plankton populations may be reduced by high 
water levels. Galtsoff (1924) and Beinard (1941) found 
Mississippi Biver plankton decreased when water levels 
increased. Harrison (1958) found that April floods removed 
plankton forms from the Great Berg Biver, South Africa. 
Spodniewska (1958) noted that flood periods of the Vistula 
Biver, Poland, were accompanied by a decrease in the amount 
of phytoplankton. Starrett and Patrick (1952) found that 
maximum production of plankton in the Des Moines Biver occurred 
during periods of low water levels when water temperature was 
5° degrees P. and above. 
Effects of Water Levels on the 
Food Habits of Fishes 
Adult river carpsuckers, golden redhorses, sand, 
spotfin and bigmouth shiners, bluntnose minnows and other 
bottom feeding fish in the Des Moines Biver depend greatly 
on benthos and to a lesser extent on plankton for food. 
Plankton is probably an important food item of the young of 
most species of fish studied. If high water levels render 
these items less available for consumption then lowered food 
intake should result in decreased fish growth. 
Lower enteron fullness of golden redhorses in I960 
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as compared with 1961 provided the only evidence that water 
levels affected the food habits of the fish. Water levels 
were higher through mid-summer in i960 than in 1961. 
Other studies on the Des Moines Biver have indicated 
that high river stages affect food consumption. Starrett 
(1948) found that scouring of the bottom by high water 
subsequently reduced the quantity of food consumed by bottom 
feeding minnows. The volume of bottom ooze in minnow diges­
tive tracts decreased when the water rose and increased when 
the water fell. Starrett thought that high-water stages 
were critical periods for fish because of high turbidity 
and low food. Bailey and Harrison (1948) found legal-sized 
channel catfish in 1941 had eaten an average of three and 
one-half forage fish during September when water levels and 
turbidity were reduced. During mid-summer when water levels 
and turbidity were high, intake averaged less than one forage 
fish. 
Allen (1951) indicated that brown trout in the 
Horokiwi Biver, New Zealand, consumed less and grew more 
slowly after floods of 1941 reduced bottom fauna. Brown 
(i960) thought that swift, turbid waters affected bass 
growth by inhibiting feeding activities and limiting 
invertebrate production. 
High-water periods in the Des Moines Biver were 
characterized by high turbidities, while low turbidity pre­
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vailed during periods of low water. Bailey and Harrison 
(1948) thought channel catfish in the Des Moines Biver were 
more efficient predators during low-water periods when 
turbidity was low. Keeton (1959) studying Oklahoma farm 
ponds found largemouth bass and channel catfish growth in 
clear ponds was better than in muddy and reviewed the effects 
of turbidity on fish growth. Keeton found that predaceous, 
sight feeding fish had greater visual range in clear water 
and were much more efficient predators than fish in turbid 
water. 
Effects of Water Levels on Fish Growth 
Few studies on stream fishes have related year-to-
year and seasonal patterns of fish growth to corresponding 
water-level fluctuations. Most studies of fish growth have 
been restricted to determination of annual increments in 
length of different age groups sampled from a population 
(Beyerle and Cooper, I960). 
Data on year-to-year variations in the growth of 
river carpsuckers, golden redhorses, walleyes, channel 
catfish and carp in the Des Moines Biver could not be 
related to corresponding changes in average June-August water 
levels. Hile indexes used to represent yearly growth of 
these fishes did not show the same trends as those of water 
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levels. 
Period-to-period growth patterns showed little 
relationships to water levels and water-level changes within 
the years represented in this study. A significant negative 
correlation was found between growth of age I river carp­
suckers and water levels in 1961 which indicated growth was 
faster when water levels were low. 
Although the relative' year-to-year "goodness" of 
growth, as indicated by Hile indexes, and the intra-seasonal 
fluctuations in growth in each year gave little evidence of 
relationships between growth and water levels, comparisons 
of the seasonal growth curves between years revealed differ­
ences in growth believed related to water levels. River 
carpsuckers and spotfin shiner seemed to start growth later 
in i960 than in 1961. Sand shiner growth possibly started 
later in 194? and i960 than in 1961. Spotfin shiners 
apparently showed greater growth in 1946 than in 1947, and 
the growth of bigmouth shiners and bluntnose minnows was 
evidently greater in 1961 than in i960. Higher spring water 
levels prevailed during years when growth was less or started 
late in the spring. High spring water levels might have 
caused a decrease in the amount of food available for the 
fish and a subsequent decrease in growth. 
Following high water in July, 1947, growth of age I 
spotfin shiners decreased to zero in mid-August. If high 
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July water levels resulted in a decrease in food avail­
ability, then increased growth of age I fish in Septf :er, 
1947, could have resulted from an increased food intc' 3 
after the reestablishment of food organisms. 
Species for which evidence of effects of water 
levels on growth was secured in the present study were 
bottom-feeding fish. It was believed that food shortage 
was the most likely mechanism underlying slowed growth. 
Although the growth data on predatory fish are meager 
and do not show water-level effects, we can make some sugges­
tions as to possible effects. During periods of low water 
the forage fish populations would be concentrated and more 
vulnerable for capture by channel catfish, walleyes and 
smallmouth bass. Growth of predaceous fish would be greater 
during low-water periods than during high-water periods when 
forage fish are less concentrated. Harrison (1957) thought 
channel catfish growth in the Des Moines River was better 
during 1956 when water levels were low. Herke (1959) found 
largemouth bass in a Florida canal were heavier for their 
length than those in an adjoining lake. He concluded that 
bass and forage fishes were crowded more in the canal, and 
the bass fed more. 
The reduction in living space during low-water 
periods may affect predatory fish as well as forage fish. 
Fry (1936) found that the growth of Hes-peroleucus venustus 
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(Cyprin!dae) in California streams decreased when the streams 
dried and the fish were crowded. Beckman (1941, 1943) found 
growth of rock bass in Michigan lakes decreased after a 
poison-caused reduction in population density and thought 
(Beckman, 1941) that such population reductions would provide 
improved fishing in lakes overrun with stunted fish. Kempe 
(1962) found growth of roaches (Leuclscus rut1lus) was better 
in Lake Halmsjon after the population was reduced by poison­
ing. Foerster (1948) found a significant positive correla­
tion between the population size of sockeye salmon in Ouitus 
Lake, British Columbia and the size of seaward migrants. 
Brown (I960) found that the growth of smallmouth bass in the 
Little Miami River, Ohio, was poor in 1956 and 1957 when 
discharges were low. Brown (I960) thought that low flow 
could crowd fish in limited areas and inhibit feeding 
activities. 
Brown (1946a) thought crowding of brown trout 
affected the growth rate within the group and said that 
overcrowded fish eat less, use food less efficiently, and 
grow more slowly than fish with more living space. Brown 
also felt that crowding might influence stability of "social-
size hierarchies" which appear to influence growth rates. 
Hierarchies may be less stable in overcrowded conditions. 
Living space might influence growth by affecting competition 
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for food or more directly by influencing appetite and 
efficient use of ingested food (Ball and Jones, i960). 
Extreme cases of crowding were apparent in many 
studies of the relationships between fish growth and popula­
tion density. The growth rate under these conditions is 
inversely related to population density and presumably to 
the quantity of available food per individual (Anderson, 
1959). 
Effects of Temperature on 
Growth and Food Habits of Fishes 
Temperature as a factor in influencing fish growth 
has been studied often. Temperature limits the length of 
the growing season and is important in determining growth 
rate at any point during the growing season. 
Variations in the enteron fullness indexes during 
I960 and 1961 did not seem related to water temperature over 
the range studied. Water temperatures decreased from summer 
highs to around 60 degrees F. in October of both years, 
while indexes (Figure 36) generally did decrease during the 
late season. Bailey and Harrison (1948) could find no 
definite correlation between amount of food eaten by channel 
catfish and air temperatures varying between 90 and 50 
degrees F. It is probable that I960 and 1961 food habit 
data were not adequate during early and late parts of both 
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years to detect changes in feeding rate with temperature. 
W1thin-season growth fluctuations of age I river 
carpsuckers in 1961 and age I sand and spotfin shiners in 
194? were found to be significantly correlated to temperature. 
The within-season growth fluctuations of age I river carp-
suckers in 1961 were also correlated with water levels. Data 
on the year-to-year growth of river carpsuckers, golden 
redhorses, walleyes, channel catfish and carp in the Des 
Moines River, as revealed by Hile indexes, did not seem 
related to air temperatures. Annual growth of river carp­
suckers, sand, spotfin and bigmouth shiners and bluntnose 
minnows, as shown by length-frequencies, did not appear 
related to temperatures since differences in temperatures 
between years were small. 
Wingfield (1940) found seasonal variations in growth 
of brown trout could be controlled by temperature changes in 
the laboratory. However, Pentelow (1939) said that there is 
no simple and direct relationship between the amount of 
weekly growth and the temperature of the water during that 
week. Benson (1954) and Baldwin (1957) found an optimum 
temperature for brook trout growth. Swift (1961) found the 
growth of brown trout depends on optimum temperatures. 
Benson (1954) thought rate of growth depended on abundance 
of food during the period of optimum temperatures. Brown 
(1946b) found the efficiency of food utilization of brown 
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trout was best when temperatures were at an optimum level. 
Allen (1940) said that factors controlling growth also 
control feeding rate. He thought that changes in feeding 
behavior were the most important influences on rate of feed­
ing and found that 7 degrees C. (45 degrees F.) was a 
critical temperature. This temperature marked the change 
from an inactive, non-growing life to an active feeding and 
growing life. 
Although some period-to-period differences in growth 
of river carpsuckers, sand shiners and spotfin shiners were 
correlated to temperature, the most important effect of 
temperature may be that of determining when growth begins 
in the spring and ends in the fall. 
Effects of Water Levels on Spawning 
The time of spawning of sand, spotfin and bigmouth 
shiners was thought to be earlier in low water level years 
than in the years when water levels were high. Starrett 
(1948) showed that these species owe their abundance in the 
Des Moines Hiver to low late July and August water levels. 
Spawning occurs early in the summer during some years if the 
water level is around 1 foot. Otherwise, these fish 
evidently postpone their spawning activities until late 
192 
summer when the water goes down to about the 1 foot level. 
It is suggested that high water retards the spawning of 
these species as a result of a lack of spawning habitat. 
The spawning areas of these species probably are shallow, 
sandy bars which are completely eliminated in the Des Moines 
River when the water is high. 
Recommendations for Future Work 
The data obtained on the growth of fishes in the 
Des Moines River during i960 and 1961 was limited, and it 
is thought that the periods of data collection should have 
covered the entire growing season, rather than the late 
spring, summer and early fall portions. Also, data from a 
series of three or more consecutive years would have been 
helpful in determining growth differences and their relation 
to water levels. It is suggested that future studies of 
this type could greatly benefit from an extension of data 
collections to cover more years, and a longer period within 
each year. 
Similarly, studies on the benthos and fish food 
habits could greatly benefit from such extensions of 
collection periods. Future benthos studies should include 
systematic sampling in the sand, mud and rubble bottom 
areas. Food studies should include more observations of 
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type and amounts of food eaten and also more fullness 
observations. 
The technique of multiple regression could be used 
in separating the effects of various environmental factors 
on growth. This would require more measurements of growth 
within each year, and over several consecutive years, and 
the development of reliable indexes of food availability 
and amount of food eaten. 
Some of the field data collected in i960 and 1961 
that were not used here could be brought into future 
studies. Seasonal growth in weight could be determined 
from weight-frequencies. Length and weight data could be 
used to calculate period-to-period differences in condition 
factors, or changes in length-weight relationships. A 
preliminary study on period-to-period changes in length-
weight relationships of river carpsuckers collected in i960 
was conducted by analysis of covariance. Although sample 
sizes were small, the data indicated that this method might 
prove useful in detecting intra-seasonal growth differences. 
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SUMMARY 
This study was initiated in 1959 to investigate the 
growth and food of fishes in the Des Moines Hiver, Iowa, with 
respect to water-level fluctuations as an aid in evaluating 
effects of water removal for municipal, industrial, agricul­
tural and other uses. In late 1959 and early I960 a chemical 
bone-staining method was applied to scales of local fishes 
to determine when growth was occurring. This method failed 
to measure fish growth accurately enough for purposes of 
this study. Therefore, seasonal growth was determined by 
measuring large numbers of fish, usually at half-month 
intervals, during I960 and 1961. Data were also used from 
previous Des Moines Hiver studies conducted by other Iowa 
Cooperative Fisheries Research Unit biologists. 
Calculated total lengths of river carpsuckers 
collected in I960 and 1961 revealed that average lengths of 
these fish at the first through the fifth annul! had 
decreased 0.1 to 2.2 inches from those of a study in 1956. 
Hile indexes were used to represent year-to-year 
growth of river carpsuckers during 1948 to I960, golden 
redhorses during 1954 to 1959, walleyes during 1949 to 1957» 
channel catfish during 1948 to 1955» and carp during 1957 
to 1957• No relationship could be detected between the data 
on year-to-year growth of these fish and corresponding 
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average June-August water levels or air temperatures. 
Seasonal growth curves were computed from length-
frequency histograms for river carpsuckers, sand, spotfin 
and bigmouth shiners and bluntnose minnows during I960 and 
1961, golden redhorses during I960 and sand and spotfin 
shiners during 1946 and 194?• Period-to-period length 
increments of those fish were not significantly correlated 
with corresponding average water levels, water-level changes 
or temperatures except in the case of age I river carpsuckers 
in 1961 when a significant correlation was found between 
growth and water levels and water temperatures, and in the 
case of age I sand and spotfin shiners in 194? when a 
significant correlation was found between growth and air 
temperatures. 
Better evidence of relationships between water 
levels and fish growth was found by comparing seasonal 
growth curves between years. Growth of river carpsuckers 
and spotfin shiners started later in i960 than in 1961. 
Spotfin shiner growth started later in 194? and i960 than in 
1941 and was better in 1946 than in 194?• Growth of bigmouth 
shiners and bluntnose minnows was slower in i960 than in 
1961. The years in which growth started later were years 
when water levels were high in the early part of the growing 
season. 
Limited benthos studies revealed few changes with 
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respect to water levels in kinds and numbers of macro-
invertebrates during the years. Bubble-boulder and mud 
bottoms were the most productive areas for benthos, 
respectively. Sand bottoms were probably the least produc­
tive areas in the river. 
An enteron fullness index was used to measure the 
amount of food eaten by river carpsuckers, golden redhorse, 
channel catfish, carp and walleyes. There were no evident 
trends in kinds or amounts of food eaten with respect to 
water levels during I960 and 1961. 
Although the data in i960 and 1961 did not indicate 
changes in the benthos or fish food habits with respect to 
water levels, evidence from the literature indicates that 
high water may reduce the availability of food for fish. 
Although data on growth of walleyes and channel 
catfish could not be related to water levels, it is thought 
that their feeding and growth may be reduced during high-
water periods. 
Data from 1946, 1947, i960 and 1961 indicated that 
spawning of cyprinids may be influenced by high water stages. 
Sand shiners spawned earlier in i960 and 1961 than in 1946 
and 1947. Bigmouth shiners spawned earlier in I960 than in 
1946, 1947 or i960. Spotfin shiners spawned earlier in 1946 
than in 1947• The years in which spawning occurred late in 
the summer were characterized by higher late spring water 
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levels than those years in which spawning occurred earlier. 
Apparently these species do not spawn until water levels 
approach 1 foot on the Boone Dam gauge. 
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